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PREFACE

Nihil est ab omni parte beatum

There is not anything that could
only have pleasant aspects

Horatius

Present agriculture is at the cross-roads of its evaluation:
on the one hand it produces many unmanagable surplusses, while
on the othar hand it is unable to ensure even the basic foods
for whole polulations of the world. A very similar situation
can be observed in Agricultural Engineering - this field makes
possible increases in both agricultural production intensity and
also human work culture, but at the same time farm machinery
contributes to ecological damages.

Agricultural Enginering is also at a cross-roads to further
development: incorporation of robotics in base operations of
agriculture, utilization of new activities énd technologies,
use of different technological steps and methods, which take
into account greater consideration of products and the environ-
ment. All these possibilities give anticipation of future,
large-scale, development in Agricultural Engineering. A field
in which it is necessary to optimize. Papers presented in the
proceedings try to solve this problem.

May, 1992 Jiti Blahovec,

member of organizing

committee
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UTILUSATION OF HEAT PUMPS IN ANIMAL BUILDINGS

R. ADAMOVSKY - V. SLEGER
University of Agriculture Prague, 165 21 Praha 6 Suchdol, Czechoslovakia

Article contains proposal of farm energy system for 370 swine with heat pump, that
uses heat from ventilation air for heating and warming service water.

energy system; energy consumption; anumal building; heating; ventilation; heat
pump; desk recuperation exchanger

High total energy consumption of classic energy systems in CSFR that provide
appropriate micro climatic conditions in animal buildings leads to research, verifying and to
continuous realisation of heat pumps, today. Energy systems with heat pumps can realise
really optimal climatic and operating conditions along with significantly reduced primary
fuel consumption.

Low potential resource for heat pump evaporator can be usually biological heat of
animal in any form (ventilation, dung).

Obtained conservation of primary fuel AE we can calculate from equation:.

aE=100{1- 15 ) [

- Neét
‘Where: Th - efficiency of present source [-]
e - efficiency production of electrical energy |-]
& - heating factor [-]

Equation depicted in nomogram in picturel. enables obtaining of percentile

conservation of primary fuel and absolute conservation of user fuel consumption (¥}e=1) and
enables also minimal heat factor with given energy conservation.

Important aspects of economical efficiency of energy system are good thermal
characteristics of engineering structure (minimal mean R = 1 m K W), reducing of thermal
loss by ventilation and especially by round year use of heat pump in bivalent system with
accumulation of acquired heat.

In this article we want to show example of heat pump use. Heat pump is air-water
system LV 20 S (produced by FRIGERA Kolin) for 370 swine that are in three objects A, B,
C. In A object is 96 swine, 160 gravid swine ad 30 young swine. In B object there are 84 birth

_ boxes with piglets. In C objects there are 1440 older piglets.

Chart of energy system is on picture 2. All ventilation air from A object is directed to
heat pump evaporator LV 20 S (1). From heat pump condenser is warmed water conveyed by
water pump (2) into 10 cubic m accumulation tank (3), from this tanks water conveyed
through three ways mixing valve (8) into central heating system in B object, heating is made
from floor panels (4) that are situated in birth boxes and space heating systemn with low
temperature radiation elements (5).

Warmed water from accumulation tank is also conveyed to service water
accumulation tank for hygiene and production use(6).

All ventilation air from objects B and C is conveyed to desk recuperation exchanger
RVD A 10 (manufactured by Statni statky Suiava) works with mean thermal efficiency i1
=0.38.

In the accumulation tank are installed electric additional heating elements with
maximuim performance 12 kW that serve as reserve and peak heat sources.

Needed performances and powers of energy system in relevance to outside
temperature are depicted in picture 3.

Where:

Qtr - performance of space heating system in object B [kW]
Qpan - performance of heating floor panels in object B [kW] :
o - performance for drink water heating to temperature 20 C [kW]| l
Qruvs - performance for hygiene water heating [kW]
Qruv, - performance for service water heating [kW]
Qs - performance for feed heating to temperature 35 C [kW]
Qx - performance for heat pump condenser LV 208 [kW]
N - power of heat pump compressor [kW]
Qe - performance of electrical directly heating elements in accumulation tank when
outside temperature is below -5 C [kW]
QVe - power of ventilators of desk recuperation exchangers RVD A 10 [kW|

QC= QR+ Qpuat Qns QTUV.+QTUV,+Qs [KW]
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; DRYING PROCESS INFLUENCE ON TOBACCO QUALITY
30
BABIC' - Ljiljana. BRKIC! - M. STANKOVIC' - L. BABIC' - M. SOMER' - D. FURMAN' - T.
. University in Novi Sad - Faculty of Agriculture - Institute for Agricultural Engineering, 21000 Novi
/ . Sad, D. Obradovi¢a No. 8, Yugoslavia
W= aK |
/ | Two programs of tobacco leaves drying type Virginia, in a dryer of a domestic and foreign
| manufacture, have been analyzed in this paper. It was concluded that in the work of dryers,
| there are considerable deviations from the stated programs. These deviations reflect both in
| drying air temperature values, and length of individual phases duration. All these essentially
20 1 Q influence the tobacco leaves quality (Table 1). This is why it is considered economically justi-
I c fied to introduce computer systems that will control the process.
|
| Key words: tobacco drying, quality of dried leaves
|
I
|
| 1. INTRODUCTION
|
10 1 The technology of tobacco type Virginia production consists of more parts out of which the
| \ OS drying process is of a special importance. The tobacco leaves drying can be natural, when the
— = N surrounding air is used, and so called ,artificial,, when the air is heated and directed to a specially
| \ designed devices. The advantage of the second mentioned is, that the unfavorable atmospheric
| \ Qpan influences are eliminated, and that the process is speeded up so that we obtain a product of a
| \ ¢ l better quality.
sl Qryv.s
Q_VE, | 0 TUV,t In the regions where the tobacco growing is a tradition, as in Panonia Valley, Herzegovina and
T
‘ \‘ 0 n Macedonia, both types of drying are applied what depends on a local climate conditions. Where
| \ these conditions are more severe, as for example in Panonia Valley, the devices with a very wide
0 range of output, are constructed. Most often they are of a domestic manufacture, though there are
-15 | |10 -5 0 5 10 te 9
| ° some imported ones.
| [ec]
| In this paper we shall analyze the process regimes of tobacco type Virginia leaves drying in a
| \ domestic dryer manufactured by ,Univerzal, from Podravska Slatina and in a dryer of Canadian
| AN manufacturer ,DeCloet,.
[ \ !
| \
| \ at
-10 ' R
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2. METHOD OF WORK

The process of tobacco leaves drying is quite a specific process and it consists of the follow-

ing phases /1,2,3/: The first phase tanning (changing into yellow color), the second phase fixation
(keeping) of color and leaves surface drying, the third phase the drying of the main leaf nerve.
There are certain biochemical processes in each of these phases and they dictate the air drying
situation. '

The tanning phase is. characteristic of starch, albumen, carbohydrates and nicotine disintegra-
tion so that the optimal air temperature for these processes is 30°C to 40°C, and relative humidity
approx. 80%. The duration of phases is from 24 to 26 hours and the increase of air temperature is
0,5 to 1,0°C per hour. The same must not be shortened by fastening the process, since in this
case, due to sudden water deduction, the ¢ells would die out with quite a lot of starch In them,
what unfavorably influences the quality.

e

The moisture remaining in the leaf evaporates in the following phase - phase of color fixation,
but in such a way that the characteristic leaf color is kept. The mean air temperature must not be
over 47°C until the leaves mass does not decrease to 50%. This phase lasts approx. 20 hours and
during each hour the air temperature is increased for 0,5 to 1 ,0°C. After that, the air temperature
can be increased up to 55°C.with the speed of 1,0 to 1,5°C per hour. During this time, the drying
of a leaf surface will take place.

The drying of the main nerve is the last stage where the moisture has to be removed from the
main rib (nerve), so that we can stock the leaf safely. The drying air temperature is from 57°C to
74°C with a low relative humidity. The duration is approx. 35 hours, and what is important, is to
stress, that higher temperatures must not be applied, since the sugar caramelaziation appears and
the leaf gets red color. .

After drying the leaves mass is cooled and wetted in order to become elastic and suitable for
manipulation in the storehouse. The air temperature is approx. 40°C lasting for eight hours.

The specific technological drying process requirements have conditioned the equipment
design that can realize it. These are batch dryers in which the material is in a layer of a certain
thickness. In order to provide the corresponding drying air situation, all dryers are equipped with
dry and wet thermometers, as well as, with the possibility of recirculation, i.e. air circulation within
it. Figure 1. shematicly represents the dryer manufactured by Universal, Podravska Slatina /4/,
but it has to be stressed immediately, that a dryer of the Canadian manufacturer DeCloet /5/ is of
a similar construction.

The drying air is directeg from the bottom through the perforated floor and passes through the
containers with leaves. The air is collected above the container and distributed either on recircula-
tion and used air, or the whole quantity is discharged into the atmosphere. The control of the
mean drying air temperature is by two valves. The valve (item 13. Fig 1.) in front of the burner,
controls the quantity of fresh air that is taken in the drying process. This, at the same time, regu-
lates the required temperature of the dry air thermometers.

Valves (item 8 and 14 Fig. 1) control the air quantity which recirculate in the drying chamber,
or is let out into atmosphere. In such a way, we regulate the temperature value of the wet air
thermometer. Both temperatures are measured by the built in instruments directly at the inlet into
the drying chamber.
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Fig.1. SHEMATIC VIEW OF JUNIVERSAL DRYER /4/

ltems : 1. fan, 2. burner, 3. burning chamber, 4. heat exchanger, 5. air input, 6. chimney, 7. air input

recirculation, 8 valve, 9. air output, 10. door, 11. perforated floor, 12. sprayer for tobacco wetting
13. 14. valve,. ’

In a counter heat exchanger (item 4), which makes a whole with the combustion chamber. the
surrounding wet air passes over the exchanging surfaces and is heated there. The produt,:t of
burning Is discharged into the atmosphere through the chimney (item 6). It ought to be stressed -
that through the same heat exchanger the fan takes in a portion of the air from the drying chamber

so r:hat it is combusted here. With such partial recirculation the energy cfficient drying process is
achieved.

During the work regime of tobacco leaves drying analysis in dryers DeCloet located in Kni¢an,
and Universal dryer in PIK Prigrevica, in Prigrevica /2/ the temperature values read from the in-

stalled ‘instruments were used, since by the control measuring it was established that a fault in
measuring is irrelevant.

3. INVESTIGATION RESULTS

Diagrams on Fig. 2 present the tem| irgini i
i perature of tobacco leaves type Virginia drying regime t
are achieved in the mentioned dryers. ? o regime fhat

Comparing the realized drying regime with the predicted one /5/ in a dryer of a Canadian
manufacturer, we have concluded that there is an insignificaht deviation. Namely, during the first
night, the necessary leaves tanning (getting yellow) did not occur, but the increase of dry air
thermometer temperature to 40,50C was done immediately. This temperature increase of a dry
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Fig.2. TOBACCO DRYING PROGRAM /2/

thermometer temperature was realized for 20 hours and not for 30, as foreseen by the program.
This practically means that air temperature increase was bigger. This has occurred because the
valves of a fresh air intake were closed. The shortening of the leaves tanning phase influenced the
quality of a final product which is transferred to the other phases in a drying process.

The curve of a dry thermometer temperature in a dryer Universal, considerably deviates from
the generally accepted work regime /2/. During the drying process there was not a requir.ed
technological maintenance of this parameter in a determined duration in any of the phases (turning
into yellow, color fixation, leaf drying and main nerve drying). That practitl:ally means that the atten-
tion was not paid to the degree and length of the valve opening for freshair intake (item 13 Fig. 1.)
and to the quantity of recirculation air. The special problem that occurred during the work of this
dryer, is the fact that sprinklers wetted the air very unevenly, and consequently the leaves mass.
Due to this, latter on, there was rottenness in bales what decreased the percentage of tobacco
leaves of the first and second class, Table 1.

Table 1: Quality of the dried tobacco /2/

Quality Percentage (%) Quality Percentage (%)

I class 3;3 IV class 38,5
ITI class 6,5 'V class 21,8
III class 18,4 VI class 11,5

13

Due to a low participation of Virginia tobacco of the first and second class, the production was
not economically justified and that was the reason that the same was not continued the following
year. On the fields of PIK ,Prigrevica, the yield of 1100 to 1200 kg/ha of the dried leaves was real-
ized, and it represents the satisfactory result. However, with the inadequate drying process main-
tenance, the participation of tobacco leaves, of the first and second class, the most expensive
ones, was considerably decreased. It has also to be stressed that, the ratio of dried and raw

tobacco, which is from 1:4 to 1:6, depends on a drying process, what has the essential influence’
to the business too.

4. CONCLUSION

On the basis of general information in connection with the operation of the centers for tobacco
drying, it can be concluded that there is a lack of the literature from this.field. This is, most proba-
bly, the reason why there is little known about the complexity of thermo-physical appearances

that occur. Besides, the instruction for the dryers themselves, are not very clear and with very little
data:

It is concluded that the obtained measuring results of the achieved drying regimes, differ for
the predicted ones. Mainly, the dry thermometer regulated temperature increase is not maintained,
and the values of wet thermometer temperatures are rarely followed. Much attention is also not
paid to the time of maintaining certain temperature regimes. Due to all these, the corresponding
quality of the dried tobacco leaves is not achieved.

In connection with all above stated, we are of the opinion, that the introduction of computer
systems for the drying process control, is economically justified. Such systems would correctly

follow the predicted work regimes and carry the process, that would provide considerably bigger
percentage participation of higher class tobacco leaves.
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THE INTERCONNECTION BETWEEN WHEAT KERNEL PHYSICAL
PROPERTIES

M. BABIG' - LJILJANA BABIC' - M. BRKIC!

University in Novi Sad - Faculty of Agriculture - Institute for Agricultural Engineering, 21000 Novi
Sad, D. Obradovi¢a No. 8, Yugoslavia

The aim of investigation is to establish the influence of physical properties to the aerodynam-
ic properties of wheat kernel. In this paper we have studied the interconnection of pressure
drop along air stream in a kernel layer from the air velocity.

The experimental scientific method has been applied. The experimental plant has been con-
structed. The experiment was carried for different type of samples and wheat moisture con-
tent. By measuring the values of pressure drop on a measuring orifice and pressure drop
through the sample (layer) have been established. The measuring results have been proc-
essed by an original computer program. The results graphic interpretation has been done by
a computer program Grapher. The physical properties of a wheat kerners were of different
varieties and different moisture content. The influence of different characteristics to pressure
drop dependency from the air velocity can be seen.

By the analyze of kerner behavior in the air stream it has been establish that further investiga-
tion in this field has to be directed to the discovery the physical properties depending to
pressure drop from air velocity. These physical pfoperties are the ones determined in stand-
ard laboratories tests. The characteristic properties are: porosity, mass of 1000 kernels, angle
of repose and moisture content.

Key words: fluidization, fluidization layer, wheat, grain physical properties.

1. INTRODUCTION

It is necessary to know the aerodynamic properties of grain for designing and qualitative
operation control. The air stream of grain material or its fluidization is the process which occur in
machines and devices in agricultural technique. These are for example: separation devices of

15

wheat combine, aspiration grain separator, ventilation in storages, induction points in pneumatic
transport and grain dryers. It is necessary to know for designing and operation control air drop
pressure dependence along the air stream in a stable and fluidization layer. It is of a special impor-
tance to know all these properties for the wheat kernel it is one of the most distributed crop.

Notation

A/m2/ - area of kerner cross section Vg/m/s/ - air velocity

Cd/'/ - particles drag coefficient W/%/ - grain moisture content

dgy - kernel diameter equivalent @/°/ - repose angle

h/m/ - layer height Ap/Pa/ - pressure drop along air stream
e/%/ - kernel layer porosity Qf/mz/s/ - kinematic viscosity of air
F/N/ - drag force pf/kg/ma/ - air density

My ogp - Mass of 1000 kernels pn/kg/m3/ - bulk density

2.MATERIAL AND METHOD OF WORK

The choice of wheat varieties in this experiment depends on different physical properties rele-
vant for this investigation. The kernel layer resistance during air stream depends on density, size,
shape, surface condition and kerner porosity. The interdependence of these properties is taken as
the represent of their physical properties. The second choice of wheat varieties was that the
samples are taken from the same area ( similar soil and technology). On the basis of these criteria
the following Yugoslav varieties have been chosen: Rana Niska, Zvezda and Balkan. The samples
were taken from Vrbas region in 1991.

Moisture content was taken as a factor within the values appearing in real processes.
Some physical properties of tested samples are shown in Table 1.

Table 1.: Some physical properties of tested wheat sample

I T T T I T 1
| Variety | 1000 kern. w. | Bulk density | Porosity | Moisture | Angle of rep. |
| | te) | tkmly | %l | %l | (%1 |
= I % % } # i
| Balkan | 41.07 | 797.3 | 38.5 | 13.96 | 31.19 |
F I } I i I —
| Zvezda | 42.96 | 823.0 | 36.8 | 13.82 | 30.78 |
F } I f } # —
|Rana Niska | 36.26 | 822.3 | 37.7 | 14.11 | 32.29 |
| Rana Niska | 38.04 | 861.7 | 36.1 | 10.94 | 30.05 |
| Rana Niska = | 41.59 | 744.9 | 39.9 | 19.08 | 38.80 |
| 1 1 1 | | I

The original experimental plant was designed for this investigation (Fig, 1). Sample (06) is
places in the glass tube (05) on the perforated sheet metal (07). The air is directed by fan (03)
through the measuring tube (02) where orifice is placed (01). From air stream stabilizator (09) the
air passes through deflector (08) which is made of plastic tubes stock of 3/4"and 3/8" dimensions.
The task of the deflector is to neutralize the air stream whirling and to make homogenous air veloc-
ity field along the glass tube section. The glass tube was perforated and on these opening the
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connectors for static pressure measurement were placed in front and behind the layer. The sieve is 8000
located at the glass tube end for light kernels retaining which terminal velocity is smaller then air
velocity in the glass tube (04).

Experimental method was used in
this investigation as a special scientif-
ic method. After a certain grain
sample has been placed into the
glass tune the fan was started. By
o1 regulation valves onthe fan, the air
02 velocity in the measuring tube is
= adjusted. The experiment starts with
very low air velocity values. At the
@ 3 same time air conditions is deter-

il mined (dry and well bulb temperature
is measured). During each measured
air velocity value, the pressure drop 2000
through the layer is measured. The
Fig. 1: Experimental plant measuring points of static pressure
(1 - orifice, 2 - measuring tube, 3 - fan, 4 - sieve, 5 - glass tubs, are above the perforated sheet metal
6-sample 7 - perforated sheet metal, 8 - deflektor, 9 - stabilizator) and above the grain layer.
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For the investigation purposes a special computer program was made for the data calculation 0.0 1.0 2.0 3.0 4.0 5.0 6.0
on air drop pressure at the measuring orifice, static pressure drop, air situation as in a determined Pseudo—velocity of air (m/s)
pair of values of pseudo air velocity in glass tube and individual air pressure drop in the layer. Fig. 2. Dependency of pressure drop in grain layer on air velocity for some wheat varieties

The Grapher program has been used for the graphic presentation of investigation results. A 8000
certain number of experiments were carried out but in this paper some characteristic results are
presented. The results are obtained by Grapher program in the corresponding mutual diagrams.

3.INVESTIGATION RESULTS AND DISCUSSION 6000

Fig. 2 presents the experimental results for three different varieties (Table 1) with a very close
moisture content (Rana Niska - w = 14,11%; Balkan - Ww=13,96%, Zvezda - w=13,82% wet basis).
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S
o
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o

Fig. 3 presents experimental results for different grain moisture content of one wheat variety
(Rana Niska).

Pressure drop (Pa/m)

The characteristic shapes given in these diagrams (Fig. 2 & 3) are mainly in accordance with
the literature sources /2/ and /3/. In a phase of a practically stable layer the air pressure drop 2000
change at the air velocity increase is important and has got a monotonous rising character. Term
dp/dv is constantly rising. At the end of this phase air pressure drop is decreasing and after that it
is approximately constant. Before the pneumatic transport occurs air pressure drop slightly de-
creases. The appearance of histeresis was confirmed while the air velocity is decreasing.
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ByanalyzingFir.QitcanbeconcludedthatthereisafunctioAaIdiﬁerencebetweenairpres- O Arrrrrr e e e LLARRAE

sure drop in grain layer and air velocity for different wheat varieties. In this the analytical interpreta- 0.0 bl Pseui.)gvelociilo o oif.?m/s) 20 5.8

tion was not established, since it is a question whether it is necessary or not. The establishing of Fig. 3 Dependency of air pressure drop in grain layer from moisture content and air velocity
analytical model for each variety separately would be a difficult task, so such a strategy for know-
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ing the aerodynamic properties should be avoided. The aim of these experiments was to point out
the differences of the aerodynamic properties for varieties having the different physical properties.

The influence of a very important physical grain properties - moisture content to aerodynamic
properties can be analyzed in graph on Fig. 3.

The grains of lower moisture content obviously influence the appearance of bigger air stream
resistance. The resistance of grain with higher moisture content is smaller what can be explained
by its lesser surface roughness, since the moisture ,Jubricates, the grain surface. However, this is
not the only influence to the aerodynamic grain state during the air stream through the layer. The
moisture is within the grain itself, so it influences to bulk density change.

Drug force equitation that influences the particle during the air stream /1/ is:

1
:—CdpfAva (1)
2

On the basis of literature sources the following equitation can be made:

29/h = 1(pp Vg & Aoty Pre ) (2
By the analysis of the elemental physical properties  which influence to the air pressure drop
in grain layer and on the basis of the equitations (2) (3) we can write:

#p/h = (g vf, @ dejeyr 2 W> Migog: Pry @) (3)

Necessity for knowing the aerodynamic properties can be met by a suitable manner of ex-
pressing the relation between these properties. The mathematical model based on practical
knowing of elementary grain physical properties in equitation (3) is very convenient for practical
uses. However it is necessary to meet another condition and this is that this mathematical model is
suitable for calculation on personal computer.

4.CONCLUSION

The elementary conclusions based on these results are:
-

- The experiment proved that the varieties that have the different physical properties have the dif-
ferent functional dependencies of air pressure drop to the air velocity and wheat layer.

- Grain moisture content influences the aerodynamic wheat kernel properties so that the air pres-
sure drop along the air stream in the layer is bigger the moisture content is lower.

- Further investigation has to be continued for the establishing the quantitative influence of the
basic physical properties on aerodynamic properties. The mathematical model that would present
this influence ought to be suitable for practical use by the designers and the engineers. It has also
to be suitable for possible use in the process control by computer.

19

- The bf'asic physical properties that have to be represented in the mathematical model are: porosi-
ty, equivalent diameter, sphere, grain moisture content, mass of 1000 kernels, bulk density and
repose angle.
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An engineering diagnostic reasoning does not seem to
perfectly fit the mathematical logic model. The key elements
in human reasoning are words and not numbers.The human ability
summarize information plays an essential role in the
description of complex phenomena and is connected with using
of natural languages. Nearly each word in natural language can

TECHNICAL DIAGNOSTICS USING FUZZY EXPERT SYSTEM be considered as linguistic variable or linguistic value.

A linguistic variable is this variable whose values are
sentences in a natural or artificial language. For exaEpli
a temperature or a pressure can be linguistic variables T~,P
and small, medium, high, very high are linguistic values.

F.BABINEC
Technical university Brno, 616 69 Brno, Czechoslovakia

This paper describes the fuzzy expert system technology
developed as a computer assisted diagnostic system. An
expert system is an special algorithm that mimics the
behaviour of an expert. This fuzzy oriented expert system
is based on the wusing of linguistic variables/values and
rules in form of conditional statements.For uncertainty
description uses the fuzzy set theory and the inference
engine 1is Dbased on the fuzzy logic. A diagnostic
algorithms are specified by a set of conditional

Simple relation (dependence) between linguistic variables
can be described by the conditional statements. The dependence
of linguistiﬁ variable pressure P on linguistic variable
temperature T~ can be expressed as conditional statement

if TV is high then P is high (1)

statements. . . .
The linguistic values are wieved as labels of fuzzy sets.
A fuzzy set F is characterized by a membership function
expert systems; linguistic variable; fuzzy set; pp: U->[0,1] which associates to each element y of universum
fuzzy logic;diagnostic system; linguistic quantification; U a number pnp(y) in interval [0,1]. This number represents the
knowledge base; test of consistency grade of memEership of element y in fuzzy set F.
Using fuzzy set theory can be 1linguistic variables
1. INTRODUCTION transformed on fuzzy variables and linguistic values con_ the
fuzzy values , it means fuzzy sets. The variable T~ and P~ can
The technical diagnosis 1is determination of which from be transformed on the fuzzy variables TF and P¥. The relation
subsystems are violating sufficient conditions for satisfying between fuzzy variables may be expressed as fuzzy conditional
the process performance. The technical diagnosis can be statements
also defined as a search for the causal origin of an observed
pattern of abnormal system behaviour. A diagnosis can be if 7F is highF then PF is highF (2)

also considered as an complex identification problem. Stated !
informally, if the complexity of system increasis then human ‘

ability to make precise and simultaneously significant state- where values highF are now the corresponding fuzzy sets.

ments about its behaviour diminishes. If a threshold is Fuzzy conditional statements play a basic role in the

reached then precision and significance become mutually description and execution of fuzzy algorithms. Transformation |

exclusive characteristics. of the linguistic value on the fuzzy set is quite expert job. W |

[

The most procedures and techniques employed for analysis A fuzzy algorithm is an ordered set of fuzzy conditional w’

of complex systems are analytical or statistical nature. statements.Using "rule of inference" is find in knowledge base i

These classical approaches have failed if ill-known systems an approximate solution to a specified problem. I

have to be studied. For dealing with ill-defined complex

The fuzzy conditional statements or production rules are
of the form showing in eq.(2).The interpretation is different,
according to the specific application. For example :

systems an approach is needed which is tolerant to
imprecision.

if <set of conditions> then <diagnoses> \

if <situation> then <action> [’

and so on.
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3. FUZZY LOGIC

not two-valued but
for a decision.
of deductive’

The logic of human thinking is
multiple-valued with the approximately rules
Human being very often use experience instead
reasoning. ‘ '

logic is a multiple-valued logic which is much
closer +to human thinking and natural language than the
traditional logic. Briefly, provides an very effective means
of capturing the approximate nature of real world. Fuzzy logic
provides a means of converting a linguistic knowledge on

an expert knowledge.

Fuzzy

important fuzzy implication
We can introduce
values are

In fuzzy logic exists the
inference rules (generalized modus ponens) .
the linguistic variables T,P and the linguistic
transformed on fuzzy sets A, a',B, B

premise 1 : T is A
premise 2 : if T is A then P is B (3)

consequence : P is B!

The modus ponens is closely related to the forward data
inference.

4. FUZZY KNOWLEDGE BASE

The behaviour of a fuzzy complex system is described by
a set of linguistic conditional statements based on expert
knowledge. In this way is generating fuzzy knowledge base.

A practical fuzzy knowledge bases are usually multidimen-
sional and multiconditional. A general form of such structures

can be :

if A4, and A, and A, then B; with wq or

if A,; and Ayy ... and A,, then B, with w, or

. : (4)

if Ay, and Ay, ...

where Aj 4 is one dimensional fuzzy set representing for
example linguzstic value of j-th independent variable. Symbol
B: is one dimensional fuzzy set representing linguistic value
ot dependent variable in i-th conditional statement.

and Ay, then By with wy

structure
in a knowledge
the knowledge base is

(matrix) represents one
base. The precision of
taken in the

Any row in this
conditional statement
different statements in

consideration by weight factor w; in statement.
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5. EXAMPLE OF APPLICATION

As.an example of application can be presented diagnosis of
cgntrlfggal 'machine working in a process industry. Failure
diagnosis is based on the monitoring of variables
speed [s ~],power input [kW],temperature-1, temperature-2 [°C]
pressure.[MPa],noise [dB] and vibration [mm],causal origins on’
malfupctlgns are pump, belt, brake, bearings and unbalance .
ghglllggu1stic variables, values and fuzzy sets are Table 1.

able

Vari- linguistic fuzzy set
able values a b c d
SPEED nonaccept 0.0 300.0 560.0 600.0
low 580.0 600.0 640.0 650.0
normal 645.0 650.0 660.0 665.0
POWER low 12.0 13.0 17.0 18.0
ngrmal 17.0 19.0 21.0 22.0
hlgp 20.0 22.0 28.0 35.0
v-high 29.0 37.0 80.0 100.0
TEMP-1 ngrmal 35.0 40.0 50.0 60.0
hlgh 50.0 60.0 70.0 80.0
v-high 70.0 80.0 90.0 100.0
TEMP-2 nqrmal 35.0 40.0 50.0 60.0
hlgp 50.0 60.0 70.0 80.0
v-high 70.0 80.0 90.0 100.0
PRESS nonaccep 0.0 0.2 1.3 1.7
accept 1.3 17 2.3 2.7
normal 2.3 2:7 340 3.2
NOISE ngrmal 75.0 80.0 85.0 90:0
hlgb 85.0 90.0 95.0 100.0
v-high 95.0 100.0 110.0 115.0
VIBRAT ngrmal 0.0 0.0 7.0 7.1
hlgb 7.0 71 17.0 " 18.0
v-high & 17.0 18.0 24.0 25.0
nonaccep 24.0 25.0 50.
DIAGO pump 0.5 0.9 1.2 ngg
belt 1.5 1.9 2heL 2.5
brake 2.5 2.9 3w 3.9
bearings 3.1 3.9 4.1 4.5
unbalanced 4.5 4.9 5.1 5.5
n-operation 5.5 5.9 6.1 6.5

The fragment of the knowledge base is in Table
- 2. Now we
can put the query to this knowledge base. For example :

if speed

is normal and power 1is high and = i
i g temp-1 is high and

normal_and press is normal and noise is high and
vibrat is normal then ?2?7? .

On this query expert system gives following answer

causal origin is in : bearings ., with weight 1.0 ,
unbalance with weight 0.5 ,
brake with weight 0.3
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This expert system answer is not quite clear, is
umbiguous. On the bases imperfect input information can be
doing adequate judgment only.

However the main problem connected with a practical
expert system application is estimation of the knowledge base
properties. It is very difficult but very usefull evaluate
"quality" of the knowledge base.

The first step should be a consistency test whichl can
uncover the discrepancy in knowledge base.A cognitive science
has developed a different methods and algoritbms, namely
guery-answering mechanism. The cognitive _analy51s of gquery
answering mechanism can be used to evaluation the propertlgs
and discrimination ability of a fuzzy knowledge base. This
enables detect "weak part” in the knowledge base.

Table 2 - Fragment of the knowledge base

SPEED POWER TEMP-1 TEMP-2 PRESS NOISE VIBRAT DIAGO W

naccept low normal normal. - high no;mal belt 1.0
naccept low normal normal - high h}gh belt 0.8
naccept low high normal - high high belt 0.8
low. hiéh normal normal normal v-high h%gh brake 0.8
normal high normal normal normal v-high high brake 1.0

normal noémal v-high high normal high normal bear%ng 1.0
normal normal v-high v-high normal high normal bearing 1.0

6.CONCLUSION

The technical diagnostics seems to be privileged field for
expert systems applications. Many companies are now using this
relatively new computing tool as a operator support or
maintenance support. The purposes why use expert system are
particularly following:

- the methods of reasoning are successful when solving
diagnosis problem with expert system approach

- escape from fatigue, retirement, errors of a human expert

- expert system is available immediately 365 days a year and
24 hour a day

- possibility collect knowledge and not only information
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APPARATUS FOR SIMPLE APPROXIMATIVE DETERMINATING THE DENSITY OF
OPEN-PORE STRUCTURE MATERIALS.

J.BAIN

University of South Bohemia, 370 05 Ceské Budé jovice,
Czechoslovakia

A simple laboratory apparatus for approximative measuring
the density, namely the volume of liquid and solid portions
of porous materials hes been described in this paper. Also
a measuring methodology inclusive of a concrete example has
been shown in brief. In conclusion, the connection of the
problems described with possible utilization for measuring
moisture content has been mentioned.

porous materials; density; aeration; measurement; measuring
apparatus; moisture content

l. ntroduction

For determinating the density of porous, i.e. also most
i1g "icultural materials, a value denominated as aeration Pa
(Kitilek, 1978) is very important. This is the content of air
fi.led pores in the material. Therfore, it is also possible to
de _ermine it of the whole volume of the sample and of its liquid
ani solid portions volume. For determining the aeration, Fiala
(1)66), Rees et al. (1983) and other autors used a method of
ccitrolled air expansion into the examinated sample. The object
of this work is a design of a new apparatus arrangement, to give
mcre precision to the method mentioned, and its application for
dclermining the density of model agricultural material.

2. Material and procedure

Achieving higher precision of this method will ensue fronm
tle following description of the apparatus ‘application shown in
F.g. 1. A material sample is 1inserted into a vessel (1) with
a cover hermetically sealed on its circumference. Two thermistors
(¢:) and (9) are introduced into the vessel (1) 1in different
p aces, together with the sample. The vessel (1) is inserted into
a2 thermal insulating box (7), and afterwards into a temperature
c.ntroller (6). After temperature stabilization in the vessel

) (after 10 to 20 hours), a small quantity of distilled water
let, with the valve (14) turned on, into the portions (2),
), and (17) of the U-tube. The water level in the left tube
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branch (3) is from a syringe (15) covered with a thin oil film.
Afterwards, by handling the hose (17), with the valve (13) turned
on, the zero water level in the tube (2) is achieved. The
position of the hose (17) is then fixed, the valve (13) is turned
off, and the original zero water level is finally set up by means
of a syringe (16). The valve (14), turned on till this time, is
turned off, and further distilled water is let in from the
reservoir (5) through the valve (12) up to the level hight ho
limited by the overflow (4). A vent (11) aids in better filling
the tube. The level hight - ho is kept constant during all the
measurement. The time behaviour of the overpressure h in the
vessel (1) is measured by direct reading at the tube branch (3)
with uniform cross section St, the atmospheric pressure behaviour
pa is measured by means of a barograph, temperature variations in
the vessel (1) are measured by thermistors (8) and (9) with low
thermal inertia. After a few hours, the water is let out through
the hose (17), and the sample is taken out. Water covered with
thin oil film was used for calibrating the apparatus.

-

1
2]
e

Fig. 1 Diagram of apparatus for determinating aeration

3. Theory

Considering the process described above to be approximately an
ideal gas state change in the vessel (1), it is possible to write
for any moment after filling up the U-tube:

(Vo#V1i-Vp).pa (V+V1-Vp). (patlpath.p.g) 1)
Ta T
where
Vo .... volume of the apparatus oU-tube measuring branch (2),

corresponding to the level hight ho as shown in Fig.1
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Replacing the volumes in the -equation (6) by portions of
respective masses and densities gives

m
y _ Me (I-PA)'EE
pw pc Ps
where
mw .... mass of liquid by which the sample has been moistened
mg .... mass of material sample
ms .... mass of sample dry matter
pw .... density of liquid by which the sample has been moistened
pc .... volumetric mass of the material sample corresponding to
* the volume Ve E :
ps .... density of dry material at its zero porosity
" 3
and after modifications using cv = B¢ and 1 - cv = 22
mc mc

where
Cv .... sample moisture content
4. Results

The application of the apparatus described here above has
been documented by an example for measuring the volume Vp of a
not hulled rice sample.

In Fig. 2 is shown the time behaviour of actual water level
hight in the U-tube (ho - h) read on the apparatus, compared with
the values of this hight calculated from changes of atmospheric
pressure and of temperature in the vessel in the course of
measuring. The modified relation (1) was used for the
calculation.

Fig. 3 then 1illustrates the time behaviour of volume Vp
calculated according to (2), here converging to the value of

3
354,5 cm™. The sample mass mc was 500,125 g. The sample density

pp thus results in 1411 kg.m—a. The gravimetrically obtained
moisture content cv was 12,52 %. This would according to (7)
correspond to the dry matter densily of 1498 kg.m 3, in case of

validity of the principle of superposition (5)
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Vi .... volume of the wvessel (1) inclusive of interconncclion
with the U-tube according to Fig.1

Vp .... volume of sample liguid and solid portions

\ .... volume in the U-tube of the apparatus between the levels
during measuring as shown in Fig.1

pa .... atmospheric pressure at the moment of filling waler up
to level hight ho

Apa .... atmospheric pressure pa change untill the momentl of
measuring

h .... difference of levels in the U-tube during measuring

P .... density of distilled water in the U-tube during
measuring -

g .... acceleration of gravity

Ta .... average temperature measured by the thermistors (8) and
(9) at the moment of filling water to the ho

T .... average temperature measured by the thermistors (8) and

(9) at the moment of measuring

From where after modifications using Vo= St.ho , and V = St.h an
expression for the volume of sample liquid and solid portions
will be obtained:

Vp = = e e e L AR S D L L S L L S s Do LS Ldin s Z )
(pa+Apa+h.p.g).Ta-pa.T
where
St.... cross section area of the apparatus U-tube according to
Fig. 1

The following relations for the aeration Pa and for the density
pp of wet material are subsequently valid

Ba = ===== €3 pp = -2B (a)
Mmc
Ve
where
me .... mass of material sample in the apparatus

If accepting the opinion stated by Rees et al. (1983) that
the material 1liguid and solid portions volume decreases Jjust by
the lost water volume, it is possible (neglecting the volume of
gases absorbed in water ... ) to divide the total material volume
Ve to three portions: the volume of water Vw, the volume of dry
matter Vs, and the remaining by gases filled volume Vv: '

Ve = Vu + Vs + Vv (= Vp + Vv) (5)
Substituing from (5) 1in the aeration definition (3), it will be
obtained: :
Yo o (1 - pay - Y=
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5. Discussion

The difference between the calculated and actually measured
highth in the beginning of the measurement (see Fig. 2) and the
corresponding relationship of volume Vp versus time (Fig. 3) is
explicable in the main as a result of thermal inertia of the
thermistors that are not able to promptly respond to the initial
compression temperature rise in the vessel. This is supported by
experience of previous period, when the vessel was not thermally
stabilized, and the temperature changes caused substantial
measuring errors. It may surprise in this connection that there
is the heat exchange in the apparatus limited by insulation
between the vessel and the environment. The insulation damps
especially the fluctuation in temperature in the vessel owing to
temperature variatioins inside . the temperature controller
(approximately ! 0,25 K). For the next time, I am planning
to replace the insulation by a massive metal case with
substantial heat capacity and with better heat removal from the
inner walls of .the vessel as well. A better heat removal would
perhaps, with some materials, cause more significant undesirable
temperature deviations in different places inside the vessel.

During the initial as well as further measuring phases, also
the influence of air adsorption on the material, moisture
exchange between air and material, a slow or absolutely
impossible air diffusion through fine pores, portion of pores
closed with water in narrowed area, portion of completely closed
pores and voids, may become evident. It stands to reason that no
biochemical processes characterized by exchange of substances or
heat exchange to environment must not be active in the material
sample.

The measured values dispersion is connected above all with
the sensibility of measuring instruments applied.

First experience with the apparatus described here above
indicates that the influence of the here enumerated, and also
further possible physical processes, negative for measurement
accuracy, need not involve an 1invincible obstacle with usual
biological materials. In compliance with my existing information,
and probably also according to my first results, the principle of
superposition referred to by relation (5) evidently much differs
from reality. This is probably connected with the bond of fluids
- especially liquids 1in cells and 1in intercellular spaces, and
also with their variable physical and chemical composition. Also
the density variations in the monomolecular layer of the adsorbed
liquid may exercise influence.

In case of success in achieving sufficient precision for
a probably, not too variable relation (7) between dry matter
density ps and moisture content c¢v for a certain type of
material, it will Dbe possible to think upon developing a new
prompter apparatus for estimating moisture content of some porous
materials.
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where r is the radius of the spherical fruit, ¢t is the skin
thickness, is modulus of elasticity of the skin and a,

n are parame%ers dependent on the characteristics of the iﬂ
liquid within the fruit. For the case of a non- viscous liquid
w1th1n the fruit the value of n = 4.2 has been calculated.

In our work we have tested the applicability of relation
(1) in several kinds of real berries.

Table 1 Tested products (M.c. - moisture content) ’
The Material Properties of Various Berry-Like Fruits ‘
. . i Product and variety M.C fruit refract.| skin
J. BARES - K. LEJCKOVA - J. BLAHOVEC weight index thick.
. : % g OBrix mm ’
University of Agriculture, 165 21 Prague 6 - Suchdol
Czechoslovakia la currant var. Heineman| 80.6 0.51 11.0 0.06 |
1b Slovakia| 84.9 0.49 8.3 0.035
1c Bohemia 83.9 0.42 10.4 0.04
The relation between +the compressive force of two 14 Eva 80.8 0.77 13.5 0.045
approaching plates and the amount of compressiocn cf the |
object has been evaluated for several kinds of berry-like 2a aronia var. Nero 83.7 0.63 10.6 0.08 !
fruits. The agreement cf a relation with experiment has been 2b aronia var. Nero 80.4 0.87 16.5 0.105 i
proved in the range of i.5 - 2 of the exponent. It was found i
that the berries are damaged at certain values of 3 1lilac elder 86.1 0.14 15.5 0.07 |
compression. Further it was found that for correct evaluation (Sambucus Nigra L.)
of the compression curve, an accurate determination of the
.compression curve origin is of prime importance. 4 rowanberry 71.5 0.58 230 0.10
(Sorbus aucuparia L.)
Keywords: Berry-like fruits, strength, two plates,
compression 5 haw 59.6 0.69 - 0.135 |
(Crataegus oxyacantha) j
1. INTRONUCTIGN .|6 dogberry 77.0 1.80 15.5 0.115 1!

A qroup of fruits of cultural plants is characterized by .
almost spherical shape, relatively tough but:.thin skin and

(Cornus mas) T |
liquid or semi-liguid internal content. This group of 2. EXPERIMENTAL TECHNIQUE |
berry-1like fruits comprises wine grapes, currants,
gooseberries, all stone-fruits and many other fruits. The The sample size of berries used for the experiments
damage to fthese fruits and the loss resulting from this usually contained several dozen of the fruit (minimum 20).
damage is relatively simple due to the effect of outer The fruit had been obtained in several ways: from the |
elastic and dynamic forces. The resistance of these fruits to University garden, from trees in parks, etc. (Table 1). The |
mechanical damage is dependent mostly on the skin fruit had been harvested in a mature state and experimental
characteristics of the fruit and may be tested by compression investigations had been made immediately after harvesting. |
betwzen two plates. Experimental testing has been performed according to 1

Theoretically, this problem has been solved by Blahovec Fig.1l. Each tested fruit has been put on a solid plate and [
(1992) who found that the relation betweern the compressive compressed by another pressure plate in strain testing
force F of two plates and the relative compression of the machine FPZ 10/1 with a constant speed of 0.5 mm/s, until the
fruit € may be written in the form rupture of the fruit. The measured compression curves have
the form depicted in Figure 1b which,may be described by the
equation (1) - see also Fig. 1lb - and are ended by ¥
characteristic values of F_ and ¢ Finding the origin of

m

m*
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compression curve has been very difficult. For this purpose
the following method has been selcted: the origin is roughly
n estimated and its €' coordinate is found and then the
agE displacement of €'' is looked for to obtain the most accurate I
power relationship with €'' displacement (see Figure 2 where ‘|
i the most exact relationship is designed 4 with maximum value |
x of correlation coefficient r = 0.9977). The closeness of the
2r N fit has been evaluated in the range of values ¢€''= +0.05 4
op where € = €' + €''. The estimation of €' coordinate origin ]
; has been made using a linear regression of the strain curve
e in the nge o er i ion. ]
T TTT slop rang f2p cent of relative compression i
b 3. RESULTS |
» |
lates - schematic ) Examples of compressiQn curves for var%oqs fruits are in {
Fig.1 Compression test between two pla & f{a) and B0 - Fig.3. From this sample it is clear that in the lower range
description of the experimental arragemen 7 of relative compression the dependence of 1n(F/2mr) on 1ln(e)
evaluation of the obtained compression curve (b) is linear and accurately fits relation (1). In most cases
there exist the values e, and Fi/(Zﬂ r t), where the slope of y
dependence is changed ané the parameters of this second part '
e of compression curve are designated a; a np. The resulting
e == values of the derived parameters are given in Table 2, the f
F/ (2nr) Z 9 £ = -0.04 +—1 ] values Fp/(2m r t), Fy/(2m r t), e, and €, are displayed in f
- mm_l [~ 2. é:: -0.02 graphicaT form in Fig.4. i
- 3:¢,= 0 B |
— 4:¢6.= 0.02 '
- 5:¢ = 0.04 ] = e |11
F/ (2nr e
0.2 |~ correlation il ) /*, '
coefficient ' N mm~! e SR
1t 0.9498 16 I
0.1 |7~ 2: 0.9787 a3 |
3: 0.9950 /5t
4: 0.9977 / 0.2 ;
52 | ’.

= ¢ 0.9959
0.04 //// ;/ .

\S

- 4// // 0,04 .
0.01 1 2/ // // I
314 |
|
0.01 . i
£ \
0.01 0.04 0.1 0.2 1
|
: |
i tion
i ndence F/(2 m r) — € descrlbed_by the equati I
Fges gi?; ﬁ r) = a/én where € = €'+ €'' is the re}atlve
compression, €' is the relative compression 1in coordinates - - TR a
with roughly estimated origin, €'' is the displacement of 1
such selected origin and a, n are 'the parameters of the . i
regression analysis of this relationship. Fig.3 Examples of compression curves in 1logarithmical dl
coordinates - designation see Table 1. 'Y‘

/
==
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4. DISCUSSION

The strength of the berries is determ@ned by Fhe%r
compression. The value ¢, of berries of various origin 1s
almost the same in all cases, in the range of 0.25 - 0.4. The

strength of berries has much wider range, 0.7 - 7 MPa

(Fig.4).
Equation (1), between the force and the relative
‘compression, is valid in most cases. The parameter n has
2 in all cases except Aronium (see

values in the range 1.5 -

also Fig.3). The slope n; is higher than the slope n in
currants and lower in other fruits.
F/(2nrt)
MPa -
6
3 strength
222 boundary 1
int
4 | po
* b ]
0 [h b
>
BT g E
o o ® H g & 3
1 (ST T} o o @ O
'ER R EREERE
2 A3 8 &= =2 £ o a9
0.4
0.2
0 Fig.4

5. CONCLUSIONS

It was found that

determined by eq.(1l), with the
At higher strains the tendency to

1.5 = 2.
for currant

has been observed.
of the compression origin is

37

and lower values n for other

application of equations like eq.(1).

Table 2 Measured values

a berry’s compressive
exponent

n

higher values n

test

behaviour is
in the range

ed products

It was found, that the exact determination
of principal importance for the

Grop and r €4 Fp/(2mrt) €9 Fy/(2mrt)
variety
8 mm 1 MPa s 1 MPa

la 4.85 0.373 2.9]1 0.295 1.87

1b 4.75 0.319 3.80 0.237 2.23

1c 4.70 0.316 2.29 -

1d 5.55 0.277 1.30 0.178 0.62

2a 5.25 0.276 2.63 0.049 0.51

2b 5.85 0.257 1.34 0.068 0.35

3 2.95 0.362 0.76 0.167 0.28

4 5.0 0.397 5. 20 0.186 2.34

5 4.95 0.277 1.91 0.146 1.12

6 5.80 0.248 7.36 -
Grop and a a, ng
variety

la 1.64 1.66 10 2:19

1b 1.89 1.73 1.82 1.73

1c 0.93 1.44 = -

1d 0.71 1.49 1.05 1.75

2a 2.64 1.14 1.32 0.92

2b 2.56 1.33 1.23 1.06

3 1.00 1.78 0.37 1.25

4 11.10 1.85 2.91 1.10

5 10.21 1.85 1.81 0492

6 41.38 2.03 = -
References
BLAHOVEC, J.: Mathematical description of two plates
compression of spherical fleshy fruit with tough skin (in

Czech). Zeméd. Techn., 37, 1992, p.383.
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SEITENKRAFTE AN SCHRAGLAUFENDEN ANGETRIEBENEN ACKERSCHLEPPER-
RADERN

Thomas Barrelmeyer, Heinz Dieter Kutzbach

Universitat Hohenheim, 7000 Stuttgart 70, Deutschland
Institut fiir Agrartechnik, GarbenstraBe 9

With a single wheel tester of Hohen@gim Univer§ity trac-
tive and side forces have been measured on d;lven tractor
tyres of different sizes on a hard stubble field and on a
tilled field with higher moisture content. It was found,
that the lateral forces are diminished as the tragtlve
forces increase. The maximum lateral force was at llt@le
negative tractive force, corresponding with small negative
wheelslip.

driven angled tractor tyre, lateral force( soil property,
inflation pressure, ride comfort, tyre stiffness, contact
area, slip, skid, tyre-ground-interface, shear force.

Reifen von Ackerschleppern und selbstfahrenden Land@aschl—
nen sollen neben der Federung des Fahrzeuges und der Da@pfung
von Fahrzeugschwingungen vor allem die auf das Fahrzeug wirken-
den Kriafte am Boden abstiitzen. Dies sind in der horizontalen
Ebene in Léngsrichtung die Trieb- und Bremskrafte, quer dazu
die Seitenkrdfte und in vertikaler Richtung das FahrzguggeW}cht
einschlieBlich der dynamischen Radlasténderungen. Seitenkrafte
wirken auf das Fahrzeug bei Querfahrt am Hang aufgrupd der
Hangabtriebskrafte, bei Kurvenfahrt aufgrund der"Zentrlfugal-
krafte und durch Gerdte mit schrdg angreifenden Kraften.

Durch die Seitenkrafte lauft das Rad nicht yehy in der
Bewegungsrichtung des Fahrzeuges, sondern wirg seitlich abge-
drangt, so daB Radléngsrichtung und ngegungsrlchtung de; Fahr-
zeuges einen Winkel, den Schraglaufwinkel a bllden_(gl}d 1) .
Wegen des Schréaglaufs ist die bekannte Schlupf@eflnltlon zu
erweitern. Mit den Bezeichnungen in Bild 1 gilt fur den
Trieb- bzw. Bremsschlupf

S cosa , Sop

1,=1-——— Ip= =1
i
Sor Sg cosa

Untersuchungen zur Klarung der Zusgmmenhénge zwischgn
Liangs- und Seitenkraften wurden vor allem fur‘KraftfahrzeugFel—
fen auf fester Fahrbahn durchgefihrt [1]. Sie haben gezeigt,
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daB die maximalen Seitenkrafte im Bereich kleiner Langskrafte
liegen und daf bei hohen Langskraften die Seitenkrédfte sehr
gering werden. Wahrend dieses Verhalten grundsatzlich auch fur
Ackerschlepperreifen gilt (Bild 9), konnte im Gegensatz zu den
Untersuchungen auf festen Fahrbahnen fir das Fahren im Gelédnde
eine Anndherung der maximalen Seitenkrdfte an eine Asymptote
fur groBere Schraglaufwinkel (a > 10°) nicht festgestellt wer-
den.

Messungen an landwirtschaftlichen Reifen wurden vor allem
an frei rollenden R&dern durchgefuhrt [2,3]. Krick [4] hat
erstmals an angetriebenen Ackerschlepperreifen Langs- und Sei-
tenkréfte bei Schraglaufwinkeln bis 25° in der Bodenrinne ge-
messen. Seine Ergebnisse wurden durch eine tiefe Spurbildung
beeinfluBt, die vor allem im Bereich von Bremskraften zu hohen
Seitenkrédften fihren kann [5]. Im Bereich der Triebkrafte ent-
sprechen seine Ergebnisse denen von Matejka [6], der Messungen
im Freiland mit angetriebenen Reifen der GroBe 6.00-16 mit
Triebradprofil durchgefihrt hat. Weitere Untersuchungen auf
harter und oberflachlich gelockerter Geladndefahrbahn stammen
von Janosi, Kamm und Wray [7], die ein entsprechendes Reifen-
verhalten wie auf festen Fahrbahnen feststellten. Uber Schrag-
laufmessungen an Schleppern, die durch eine definierte seitli-
che Kraft belastet wurden, berichten Baker u.a. [8] sowie Meyer
u.a. [9].

10 ;
Its instotic\mdr
0.8 —
s stationdr __\r—:y'f-:
T 0,6 —
2]
©
2 7
g 0.2 “| Reifen 14,5R 20 AS |
) / Radlast 10 kN
Bild 1: Krafte und Strecken 0 - =t
am schraglaufenden Rad g 6 12 18 Grd 30

Schréglaufwinkel o

Bild 2: Vergleich von stationdrem und instationdrem Schraglauf
(Innendruck 120 kPa, Lenkgeschwindigkeit 6°/s, Fahrgeschwin-
digkeit 1m/s, Auslastung 94 %)

Uber den instationdren Reifenschraglauf an rollenden land-
wirtschaftlichen Reifen hat Heine [2] Ergebnisse verdffent-
licht. Im Gegensatz zum stationdren Reifenschraglauf, bei dem
das Rad unter einem konstanten Schraglaufwinkel lauft, wird bei
Messungen von instationarem Reifenschrdglauf der Schraglaufwin-
kel kontinuierlich verstellt. Dies entspricht dem Einlenken von
Fahrzeugen in eine Kurve oder dem Aufbau von Reifenschraglauf
beim Auftreten von Seitenkraften. Beim instationdren Reifen-
schraglauf sind die Seitenkrafte zunadchst geringer als bei
stationdrem Schréaglauf, Bild 2. Fir das Fahrverhalten von Fahr-
zeugen beim Fahren in einer Kurve bedeutet dies gréBere Schrag-
laufwinkel mit einem Hinausschieben der Vorderachse aus der
Kurve.

Fir die Messung von Seitenkrédften bei stationdrem Schrag-
lauf mit angetriebenen Ackerschlepperradern heute verwendeter
GréBen wurde in Hohenheim die in Bild 3 gezeigte und in [10]
ausfuhrlich beschriebene EinzelradmeBeinrichtung entwickelt.
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Bei den Untersuchungen mit den in Bild 4 gezeigten Reifen eines

Herstellers, gleicher Bauart aber unterschiedlicher Abmessungen :
wurde die Drehzahl des Versuchsreifens stetig erhoht und so der

gesamte Langskraftbereich von Bremskraft bis Triebkraft bei

A L b grund, so daB die Seitenkrafte kaum noch mit der Radlast stei-
gen. Dann ist die direkte Auftragung der Seitenkrafte vorteil-
haft.

Besonders groBen EinfluB auf die Seitenkraft hat der Zu-
stand des befahrenen Bodens, Bild 5. Wahrend bei Beton hohe f
Seitenkrafte erreicht wurden,- kénnen unter schwierigeren Be- |
dingungen wie in einem frisch bearbeiteten Stoppelfeld (BI) die ‘
Werte wesentlich geringer sein. Der mit Stoppel A bezeichnete |
Boden ist eih. schluffiger Lehm mit einer Feuchtigkeit von |
U=11,8 %. Stoppel B ist ein schluffiger Ton, U=18,3 %. Auf die- r:
sem Boden wurden auch Messungen vorgenommen, nachdem er gegrub- il
bert und durch eine Nachlaufwalze rickverdichtet wurde (BI). |
Weitere Messungen nach zwischenzeitlichem Regen fanden auf die- ’
{
]

sem Feld nach zwoélf Tagen (BII) und nach 43 Tagen (BIII) statt.

Grundsatzlich nehmen die Seitenkrafte, wie auch Bild 5 zu ent- ‘
nehmen ist, mit zunehmendem Schraglaufwinkel zu. Allerdings |
d . ) verlaufen die Kurven bei gréBeren Schraglaufwinkeln flacher, I
Bild 3: EinzelradmeBeinrichtung fur angetriebene schraglaufende ohne allerdings die von Kraftfahrzeugreifen bekannte Abnahme {
Ackerschlepperrader der Seitenkrdfte bei groBen Schréglaufwinkeln zu zeigen. Die 3

Seitenkraftbeiwerte sind fir den Schlupf Null, d.h. ohne
1.00

T T T T

Reifen 6.9 R 30— Beton

Radlast 20 kN —-— Stoppel A U= 18% 1
— = Stoppel B U= 183% H ‘

——— bearbeitet Bl U= 18.7 % {

o
~
o

o
o

o
N
a

Seitenkrattbeiwert Cs

- be;];;el BIl U= 18.4%
; beorbeitet Bll U= 23 % :
F — Wiese U=22% * I
0 . 8 12 16 Grad 20 |

Schraglautwinkel & !

: = ' Bild 5: EinfluB des Bodens und des Schraglaufwinkels auf die ik |

Bild 4: Zur Untersuchung eingesetzte Reifen. Von rechts: 16.9 R Seitenkraft (Auslastung 100%, Schlupf 0%) ot
30, 16.9 R 34, 16.9 R 38, 18.4 R 38, 20.8 R 38

gleichzeitig wirkende Langskraft, aufgetragen. Wie die Unter-

konstanter Vorwdrtsgeschwindigkeit durchfahren. Der Schraglauf suchungen gezeigt haben, ist dies zuldssig, da gleichzeitig ‘
wurde von O bis 16° in Stufen eingestellt und wahrend einer w1rk§nde Lang§krafte zwar den absoluten Betrag der Seitenkrafte
Versuchsreihe konstant gehalten. Die Ergebnisse sind im radfe- verringern, die beschriebenen Tendenzen aber nicht verdndern.

sten Koordinatensystem (Bild 1) dargestellt. . . .
Reifeninnendruck und Reifenabmessungen haben einen ver-

~ Die Seitenkrdfte werden vom Reifen durch seine Bauart, die gleichsweise geringen EinfluB auf die Seitenkrdfte. In Bild 6 il
Reifenabmessungen, die Betriebsparameter und vom Boden beein- sind dl? Seitenkrafte in Abhdngigkeit vom Reifeninnendruck bzw. |
flupt. Auf tragfdhigem Boden nehmen sie in erster Linie mit der der Reifenauslastung dargestellt. Die "Reifenauslastung be- ’ il
Radlast zu. Da die Abhingigkeit fir konstante Reifenauslastung schreibt das" Vell‘haltnls c_ier tatsachlichen Radlast zu der vom
bei den untersuchten Ackerbéden nahezu linear ist, kann die Hersteller fur einen bestimmten Innendruck festgelegten, zulds-

Seitenkraft vereinfachend durch den dimensionslosen Seiten- sigen Radlast.

kraftbeiwert cg beschrieben werden, indem die Seitenkraft auf F t
die Radlast bezogen wird. : G=eB ‘ S
F . % FZ[ab(pl-) { ‘
Pl
FZ

Bei konstantem Innendruck bewirkt ein Erhéhung der Radlast eine
Zunahme der Auslastung. Dies wird bei konstanter Radlast auch
durch einen fallenden Reifeninnendruck erreicht. Hieraus re-
sultiert eine stédrkere Reiféneinfederung und die tbertragbaren i
Sgitenkréfte nehmen vor allem fir gréBere Schraglaufwinkel ab. 13
Wahrend die Seitenkrafte mit der Reifenbreite sowohl fiur kon- 8

Die Untersuchungen haben allerdings gezeigt, daB der Seiten-
kraftbeiwert, abhéngig vom Untergrund, auch eine Funktion der
Radlast ist. Besonders bei dichtem festen Bewuchs, wie bei-
spielsweise auf Grinland, verzahnen die Stollen mit dem Unter-
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o

stanten Innendruck wie vor allem auch bei konstanter Auslaspung
zunehmen, Bild 7, ist der EinfluB des Reifendurchmessers nlcpt
so ausgepragt, Bild 8. Bei Unterlastung (g = 50 %) nehmen die
Seitenkrafte mit dem Durchmesser zu, bei einer Uberlastung
(g = 150 %) dagegen vor allem bei kleinen“Schraglaufw1nkeln ab.
Da angetriebene Reifen nicht nur Seitenkrafte, sondern auch

078~ ! Bild 6: EinfluB der Auslastung auf

¢ | |Radlast 20 kN Schréglauf- = : hl £ 0% Boden:

© " |Reifen 16.9 R 34 | winkel a die Sseitenkraft (Schlup ’ :

505 [— Stoppel A) o7

z R

2 I —] & " [Radiast 20 kN Schréglauf-

2 [ ————38 - Auslastung 50 % winkel @

s0nf—— | — | —= T ynkel e _ e

S L 2 050 — 2

3 Bz = 8

“ o T = .
0 50 100 50 % 200 B e i

Auslaslung q S L
500300200150 100 80 kPa 3 el B & 5
Reifeninnendruck p, 1400 1500 1600 mm 1700

B _ S 075

o "7 [Radlast 20 kN Schréglaui- ¢ [ Radiast 20 kN

> Auslastung 150 % winkela . = Auslastung 150 %

@ 1—"1 @ Schréglaufwinkel a

£ 050— ¢ 050 g y

20 — = — 1

a et |_—s 2 2

2 ] 2o B — 5

X025 _[——1 < 02 I 4

& 4 /;\,_/ o % Felge: &, 5, \/58

o ® g N L b T i
%00 450 500 mm 550 1L00 1500 1600 mm 1700

Reifenbreite b Reifendurchmesser d
Bild 7: EinfluB der Reifen- Bild 8: EinfluB des Reifendurch-
breite auf die Seitenkraft messers auf die Seitenkraft

(Schlupf 0%, Boden: Stoppel A, (Schlupf 9%, Boden: Stoppel A,
Felgendurchmesser 38'') Reifenbreite 16,9'"')

gleichzeitig Trieb- oder Bremskrafte lbertragen, ist dig ge-
meinsame Auftragung beider GréBen in einem sogenannten Relfep-
kennfeld, von besonderem Interesse, Bild 9. Wie schon vom Rei-
fenverhalten an Kraftfahrzeugreifen auf starrer Fahrbahq be-
kannt, werden auch bei Treibradreifen im landwirtschaftlichen
Einsatz die Seitenkrafte kleiner, wenn Triebkraft oder Brems-
kraft zunehmen. Im Fahrzeugbereich fihren blockierende Rader zu
einem weitgehenden Verlust der Seitenkraft. Bei den durchge-
fliihrten Untersuchungen wurde dieser TFahrzustand jedoch nicht
erreicht. Wie Bild 9 zeigt, sind Reifenkennfelder nicht sym-
metrisch. Die Seitenkrafte sind im Bereich geringer negativer

10,0 T

© KN Schraglauf Reifen 16,9 R 38

° winkel & 16°| Radlust 10 kN

= 075 Bild 9: Reifen-
g 1”—7€§“ kennfeld fir das
o {/f ’ \\\\T\\\ Uberfahren eines
£ 05 ! /8 ﬁ\\\j\\ bearbeiteten  Bo-
:g ' k/" {4 —-\4\\\$§\\ dens (Innendruck
2 ‘ \ 130 kPa, - Boden
<025 \, ,‘ ‘, _\‘\\‘\&\' bearbeitet, BIII).
= ! {|schiupt i

& [ 304 00 0%  1w0j20ft |

=10 -5 0 5 kN 10

Triebkraft ~
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Triebkrafte, vor allem bei groBen Schraglaufwinkeln, etwas
groBer als im positiven Bereich. Dieses Verhalten wird auch
durch theoretische Ansdtze von Gredenko [11] und Crolla [12]
zur Berechnung von Reifenkennfeldern wiedergegeben [10]. Zur
Uberprifung der Ubereinstimmung von mathematischem Modell und
experimenteller Messung ist jedoch die Kenntnis der aktuellen
Bodenkennwerte, die das Fahren beeinflussen, notwendig.

Formelzeichen

i Triebschlupf F, tatsdchl. Radlast
ig Bremsschlupf Faeabpi) zulassige Radlast
Sg Fahrstrecke, finftes Rad q Reifenauslastung

S,  theoretische Wegstrecke U Feuchtigkeit

E: Seitenkraft a Schraglaufwinkel

c Seitenkraftbeiwert

«»
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DIE BIOTECHNISCHE ABHANGIGKEITE DER AKTIVBELUFTUNG
DER GETREIDEARTEN

T. BELOHLAVEK* - J. MARECEK?

1Die Hochschule fur Landwirpschaft Brinn, 613 00 Brunn, Tschechoslowakei

Der Beitrag informiert iiber Effekte der Aktivbeluftungstechno -
logie des Gropkapazitdten—Getreidesilos beim Prozefl der Getrei—
delagerung.

die Aktivbeluftung; die Aktivbelﬂftungstechnologie; die Getreidelagerung

1.0. EINLEITUNG

Das Getreidesilo (GS) 92 000 T Hustope&e - Sakvice
verfigt lber 100 Lagerrdume (LR), in jedem davon gibt es ei-
nen Vorhang mit 10 MeBpunkten zur Messug der Temperatur. Der
Lieferant des technologischen Teiles, eine franzosische Fir-
ma LORIN, garantierte einen sicheren Betrieb der Aktivbeluf-
tung (AB) bis zu 70 —.80 % des gesamten Lagerkapazitdt.

Aufgrund davon wendeten sich k.p. ZZN Briinn, ZZNZ Brec-—
lav u. GroBkapazitdten—Getreidesilo (GGS) Hustopede — Sakvi-
ce an den Lehrstuhl der Theoretischen Basis der Technik der
Hochschule fiir Landwirtschaft Briinn, um eine Verbesserung
der technisch-okonomischen Lage zu erzielen. Zum Ziel wurde
die Analluse derjenigen GroBen, die parametrisch den
Lagerprozef3 beeinfluften, ferner Effekte der vorhandenen
Technologie der AB vom Getreide beim Prozef dg¢r.Getreidela—
gerung und Ermittlung der Systemreserven. !

2.0. BEOBACHTETE GROBEN

Es wurden beobachtet: die abgefiihrte Feuchtigkeitsmasse
[kgl, Zeit der AB [5t.)1, das Volumen der Luft. die durch LR
getrieben wurde V. [m~2], die durchschnittliche Aufnahmefd-—

higkeit [g . m™] wund der Wert der durchschnittlich ab-

gefiuhrten Feuchtigkeit m. (kg .S5t—1].

Die Ausgewdhlten LR des GS wurden 3 Lagerperioden hin-
durch beobachtet. und die SchluBfolgerungen wurden zur Prog-—
rammbildung "RIZENI AV ZRNA" fur den technologischen Compu-—
ter verwendet.
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2.1. Getreide des Lagerraumes 33 L (1985 — 86)

Die Lebensmittelgerste wurde im Laufe von 6 Tagen ur-
springlich in den LR 14 L bis zu Hohe 42,3 m eingeschittet.
Das Getreide verfiigte nach der Einschuttung Uber eine hohe
Temperatur t = 26 2C und eine Relative Feuchtigkeit

= 16,8 %. In der zweiter Dekade, vom 7.8. bis 8.8. 1985,
wurde die Partie in der Trockenanlage LSO 50 unterbrochen,
zum LR 33 L iiberfithrt und anschlieBend intensiv beliiftet. In
der 3. Dekade (Tab. 1) wurde die grofte Feuchtigkeitsmasse
abgefiihrt me, = 2082 kag. die durchschnittliche Aufnahmetahig—
keit der Luft erzielte den hochsten Wert der gesamten Lager-—
periode j = 17,0 g . m~®, wenn auch das Volumen der durch
den LR getrieben Luft geringer war, als in der 2. Dekade,
was mit der immer wieder beharrenden hohen Temperatur des
Getreides zusammenhdngt. Den groften Wert erreichte in der
3. Dekade auch des durchschnittliche Massenfluf3 der Feuch-
tigkeitsibertragung m. = 43,8 kg .S5t—*. .

In der 4.Dekade wurde das Getreide beliiftet bei entsp-
rechenden Bedingungen Dbeli grofer Luftautnahmefdhigkeit
j =40,8 g . mm® (Abb. 2), trotzdem wurde die maximale Ge
treidetemperatur bis zum Wert t = 34 <C verringert (Abb.
1). In der 5. Dekade mufte man das Volumen der durch den LR

getrieben Luft vergrofern. Dadurch wurde das Getreide auf
die max. Temperatur t = 25 <C abgekihlt. wobei die minimale
Temperatur auf t = 15 ©C fiel und blieb aut diesem Wert bis

zur 8. Dekade (Abb. 1). LR wurde bis =zur 13. Dekade Aktiv
beluftet. Selbst bei unoptimaler Luftaufnahmetdahigkeit wurde
vom Getreide die Feuchtigkeit abgefiihrt und das Getreide so
abgekihlt, daB die minimale Lufttemperatur in der 12. Dekade
t =5 C und die maximale dann t = 17 °C erreichte. Dieser
Thermozustand stabilisierte sich bis zur 19. Dekade (Abb.1).

Von der 14. bis zur 17. Dekade wurde der LR nicht bhe-
liiftet, weil das Getreide maximal abgekihlt und abgetrocknet
WY .

In der 18. bis 23. Dekade wurde der LR aktiv beliftet,
aber wenig intensiv, well die Aktivbellftungsperiode Kurzer
war, und nicht einmal die Luftautnahmefdhigkeit war optimal
(Abb. 2). Infolgedessen kann es im LR zur Temperaturerho-
hung, und die minimale Temperatur schwankte um t = 10 =C in
der 20. und 21. Dekade, am Anfang 'der 22. Dekade fielen die
minimalen Temperaturen auf t = 0 <C dank der Kaltluftbeluf-
tung (Anfang Februar). Diese Temperatur wurde bis zur
LR Entleerung der Partie anfangs Juli 1986 eingehalten. Ma,
ximale Temperatur stieg ab der 22. Dekade bis zur Entleerung
auf ¢t = 8 <C.

Von der 23. bis 32. Dekade wurde der LR nicht aktiv
beliiftet, mit der Ausnahme der 29. und 32. Dekade, wann es
im Laufe von 8 Stunden der AB ca. mw = 200 kg der Feuchtig-
keit abgefuhrt wurde (Tab. 1).

Die Gesamtzeit der AB des LR betrug ¥v = 867 Stun-
den, und es wurden mw = 200 kg der Feuchtigkeit abgefihrt.
Das Gesamtvolumen der durch den LR getriebenen Luft betrug
Vo = 2,78 . 10 m?, zur Zeit der AB war die Aufnahmetahig-
keit der Luft j = 6,1 g . m2. In einer Stunde der AB wurde
durchschnittlich M = 19,3 kg .5t-2 der Feuchtigkeit ab-




46
47 i |
il
t
- e |
T fi
gefihrt (Tab. 1). ) y
Beim Getreide im LR kann es wahrend der kurzen Zeltp?* r“
riode (2 Monate) zur Schaffung der Optimalbedignungen fur . die Dekadenummer %”
langzeitige lLagerung, seine relative Feuchtigkeit wurde ca. . I : . 7 - ﬂ
um  pwm ¢ 3 % verringert und eine geeignete Lagerungstempe- , 6 !
ratur wurde erreicht. _ die Grofen ] b a b a b a b i b : 5 fW
Am £.7. 1986 wurde die Lagerung beendet aus dem Grunde von - bis AR IR IEY, tl?
der Reinigung, Uberfiihrung =zum LR 20 P und teilweise des 8.013.8.122.8. 23.8.) 1.9,/ 2.9. | 11.9.] 12.9.| 2.9 ﬂ”
Entlagerung. Die Gesamtzelt der Getreidelagerung im LR 33 L &n, %} %6 ﬁb 132 2&8 2892 | 5080 | 1714 | 6794( 1571 | 8365 | 894 | 9259 Mid
betrug 344 Tage. i L . Vooelis) |00z | otz | ot | o0 | o | oas | o'% | olge] o | o | 38| \ l
Das Getreide wurde im LR 33 L langzeitig stabilisliert Vot | ae | e | o | 3|t w0 | 1as | sl el 1o s | bt |
aufbewahrt und es kam =zu keinen negativen qualitativen Ver-— Do (kg.5U72]) 16.4 | 16.4 | 31.4 | 25.4 | 43.8 | 33.4 | 40.8 | 35.0{ 18.7 | 30.1 | 16.6 | 279 {[u
AHAETUNgaD - ) die Dekadenumner 1
! 8 g 10 n 12 |
3.0. ABSCHLUSS _ die Groden 3 5 . 5 p ; ; : : 7 - ” i ‘r
?ur die Entscheidung iber AB in diesem Lagerraum wurden von - bis 22.9.0 1.10.] 2.10.11.10. {12.10.21.10.{22.10.]31.10{ 1.11.110.11.{11.11.]20 11 |
auf maximale Weise sowohl die gemessenen Werte der Aufien-— e (kg 55 | 9304 | 1033 1037 | ass [ 10773 - -~ |
= ’ 7 v 323 |1
(Aupenluft) und Innenparameter (Getreidefeuchtigkeit wund v Ha 8 | 340 68 [ 408 30 4381 46 %ﬁ %g l%ﬁ lwg IQ% I!
—temperatur), als auch die Erfahrungen vergangenen Saisons, hvlwﬂﬁ% %% %% %% 1,01 [ 0.06( 1.07(0.08] 1,150 0.12 | 1.27 0.15 ] 1.42
ausgenutzt. Der Lagerraum wurde streng beobachtet und der AB J ”¢5V, e | 31020 640 1000 6.5 9.8) 4.8 93| 7.8 9.7
= oo v (kg.SU-Y| 6.9 | 27.4 | 15.0 | 253 | 129 | 245 113 | 2302 93| 27| 195 | 21é
groBe Aufmerksamkeit geschenkt. So war es moglich, eine sehr y
wirkungsvolle Behandlung vom Getreide zu erzielen, ferner die Dekadenunmer
auch die Einhaltung der Getreidequalitdt =zum Zwecke des 3 1 I T = i '
langzeitigen Lagerung auch in einem LR dieser Kapazitadt. ‘ - i
Eine aktive Beliiftung aller LR des G5 aufgrund von nur einer die GroBen a b 3 b a b 2 b 2 b | a b M
subjektiven Einschdtzung der Aufienluftparameter, und der Pa- B T ET T TN TR TN TR ¥
rameter des zu lagernden Materials, erwies sich tur die Ein-— il 112020012, 12002.127.12{28.02. | 6.1 | 7.0 | 1601 i
haltung dieser Qualitdt als prakiisch unmoglich. Deshalb 6ny %” %2 Hg%‘ 0 113332 | 0 13332 0 13332 37 | 13369] 336 | 13705 |
kam es zur Realisierung eines Computerprogrammes "RIZENI AV V?nﬂﬁmﬂ 060 | 15t 8 1%% g l%% g l%% Dy 1%5 Uﬁ %% {
ZRNA", damit der ganze Trocknungsprozefl durch einen Computer 1 gm0 38 8.8 0 8.8 0 8.8 0 8.8 0.5 8.4 3.1 él ?
gesteuert werden konnte. B [kg.S5U-1)[ 13.0 | 21.1 0 (210 21,1 0 | 21,1 3.7 20.8 16.8 | 20.7 ﬁ
die Dekadenummer |
4.0. DIE LITERATUR . , 19 20 U 2 23 24 WM
die GroBen a b~ b ; 1
/17 JACOBI. H. : Chranjenije zerna i zernovych produktov. . . a b a b 3 b a b i?
Moscow, Agropromizdat 1985, 246 5. . von - bis | 170 1.2 2.2 | 5.2 w62 52 260 73] 63 [ 17.3.] 18.3.] 273, |
/2/ MALER, J. ; Sklizen, poskliznove ogsetrovani a skla-- AD (kql 666 | 14371] 717 115088 | 401 1358 !
i i 1ni N TGTE 204 1 A 944 116513 1
dovani obilnin. Frag. HZN 1975, 201 5. Ty 0 e ) IO B B v o B e B T e I R
/3/ MARECEK, J. : Rizeni agrolermodynamickych procesu VH.HTSMf% Uf% 17% 03% 2#? 0)9 25% %39 2.7 0 Nl LN
: zpracovani produkis. Eine Kandidatdiser— b koSl 39 | 202l 13 | 1 I8 : 2.4 1 6.1 0 ol b1
tationsarbeit. Frunn. VSZ 1989. IR : 9.8 | 1411186 1148 | 1920 0 | 192 0| 19 |
74/ TRISVJATSKIO, L.A. : Skladovani obili. Prag, 2N 1954, 348 5. die Dekadenunmer ‘
|
B % 7 % 2 wo i |
die GroBen a b a b a b a b a b 4 b J‘ N |
von - bis 26.3.0 6.4 1 7.4 | 16.4.0 17.4.1 26.4.] 27.4.1 6.5.] 7.5 | 16.5.] 17.5.] 26.% H
A
e, tka 0 (16513 [ 0 16513( 215 | 16728 0 [16728f 0 [ 16728( 0 | 1672 o
I i 0 | 860 0 860) 0| 860] 8| 868 O B6§| 0 iog |
|V 10-¢(n?) 0 2.1 0 Zall 0 2,711 0.04 | 2.75 0 .75 0 L7 3
Iy lgw?) 0 6.1 0 6.1 0 6.1 5.4 6.1 0 b.1 0 b1
no (kg.5L71] 0 119.21 0 19.2 01 19.2) 26.9 ] 19.3] 0 193] ¢ 19.3

Tab. . 1 - Die Nummer des Wertes den Parameter AB LR 33 [ (1985 He
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510<A DIE ENTWINCKLUNG DER SENSODREINHEIT FUR GETREIDESILOS. ‘
5 ‘ Z. BOHUSLAVEK \
0 T T T T T T T T T T T T T T Agricultural University of Prague, 165 21 Praha 6
5 100 150 200 250 300 350 Czechoslovakia
die Zeit [Dekade] ’ I
[—=— die min. Temperalur —+ die max. WWDHUWFI A draft design of a new intelligent sensor wunit
| described for measuring of temperature and filling
level of deep storage bins. The excellent quality of

sensor unit has been reached using new design of
convertors and by using of microcomputers. The idea of i

: h . ;. 3 . . 1§
linearization of convertor's characteristic R/ f )
(resistance / frequency) which was used for

digitization of thermistor's signal. Experimental !

measurments confirm the perfect function within the &

" K;KE|T temperature range from -10 to 40 ©C. i |

FAH i

Abb 2> DIE DlL‘J[RJCI-I——Il@-lngTNUéFI‘l—g\AE Intelligent sensor unit; measuring of filling level and i
( temperature of loose materials; microcomputer

1.Vorwort

|
TR . ‘Die Grundteile der MeBanlage fir Uberwachung der Ande-
R 1 R T rungen im Tiefbunker von Getreidesilos bestehen aus der
10 4 ey s, s automatischen Temperaturiberwachung und der keontinuerlichen it
= Flllstandmessung. Las Referat legt die Lésung der
X Sensoreinheit vor, welche in 3.0eneration der intellisenten
Z Senzoren einzuflhren méglich ist.
) Die Entwicklung der Senzorseinheit wurde zur Erfillung
hel

dieser Eigenschaften und Funktionen gezielt: automatische
Umschaltung der Sensoren, Autokalibrierung, Autodiagnostik,

Digitalisierung und Linearisierung der MeBdaten,
die Zeit [die Dekade] serielle Datenlbertragung und seine automatische Steuerung. I
e Mit diesen Funktionseigenschaften unterscheidet sich die |
. E§§ﬁﬁz§33L J Sensoreinheit sehr positiv von bekannten Einrichtungen. Das i

Referat présentirt blndige EHEeschreibung der Sensoreinheit
und Losung der Datendigitalisierung, Datenlinearisierung aus
Temperatursensoren.




50

2. Die Struktur und Funktion der Senzoreinheit.

Die Einrichtung flhrt kontinuerliche Flullstandmessung
bei Tiefbunker nach HKapazitadtsprinzip und Temperaturmefung
an zehn Orten der Bunkerhohe durch. Die Anlage nitzt den
Termosensortréger (ein hohles Stahlseil) gleichzeitig als
eine Elektrode bei Kapazitdtsmefung.Die Senzoreinheit ist
durch serielle Schnittstelle mit fortlaufendem Rechner IBM
XT/AT verbindet. Durch diesen Weg wird der MeBbefehl
lUbernommen und zuruck werden digitalisierte Messdaten
gesendet. An die Serielle Schnittstelle ist es moglich bis
254 Senzoreinheiten zu binden, weil die Auswahl der Einheit
mit dem Adressbefehl gesteuert ist. Der Zentrallsteuerglied
ist realisiert mit dem Einchipmikrorechner (Reihe-8048), und
deshalb werden zumeist die Funktionen der Einheit
durchProgramm (resp.Software) geldst. Vor allem flr hbhere
Sicherheit,niedrigere Freise und kleine Ausmasse wurden
weitere elektrische Kreise geldst. Das Blockschema (Abb.1)
zeigt die Struktur der Senzoreinheit.

o o ll SPANNUNGQUELLE I_LI.EE.

Th1
) AnMX
UMSETZER
R/F cPu
" om0 acsa
ROR
RDORESSE scH
—
i UMBETZER
H— or
- |
SERIELLE 2
SCHNITT =
STELLE lo—Rx(20mF)

An. MX = ANALOG. MULTIPLEXER
ADR. SCH = UMSCHALTER OER SENSOREINHEITRORESSE
C= - EL.KRPAZITAT DER BEHALTERS

Rbb. 1
Z. Untersystem der Kapazitdts—Flllstandmessung.

Die Messmethode nlitzt die bekannte Tatsache aus,dass
der Behalter mit leitenden Wanden, erganzt durch isolierten

Elektrode, einen Kondensator bildet. Bei Flllung des
Behdlters mit Getreide andert sich das
Permitivitatsverhaltnis des Kondensators und die

Abhingigkeit der Kondensatorkapazitat an der Getreidehdhe
ist linear. Lie Ausnutzung dieser Methode flr
Fiillstandmessung in Tiefbunkern von Getreidesilos beschreibt
der Autor in /1/,/2/. Es handelt sich um die Problematik der
Getreidepermitivitédt, der Linearumsetzer Kapazitat/Frekvenz
und weitere Mikrorechnersteuerung. [iese Erkentnisse wurden
beider Losung von Sensoreinheit voll genutzt.
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4. Untersystem der Temperaturmessung mit dem Termistorfihler.

niedr?:;ﬁ Empfindlichkeit, kleine Ausmasse und Gewicht
reis und einfache Losung des U -
: meetzers
;ﬁ;s:;s:and/;rekvenz) waren die Grinde zur Benltzung zég
stors.Die bekannten Mangel von Thi i
: : - n ermistore
Eg;zﬁéiérg;e zarameteranderung durch die Alterung undngré::g
retreuung (Dispérsion) sind in die i
. t ser Zeit du
:3:;:ch;1ft in Erzeugung fast beseitigt /3/. GleichzeiEEZ
n Pt_er Bedaff an der Umbau heutiger Einrichtungen
sped 1ft, wo die Thermistoren beniitzt werden.
der Te;;;:s::e Ab?angigkeit des Thermistorwiderstandes an
. w i
e elche durch die Gleichung (1) angegeben
B/T
R(T)= A e (1)

2 jﬁ;....Material und Formkonstante
-... Te&mMperaturkonstante des T it
her
T /K/....Temperatur, misters
kann man 1n_bestimmtem Bereich eliminieren.
" Qle Linearisierung der Ubertragungscharakteristik von
Stigzi::grt:ermometer kann man durch die Linearisierung des
aufes im Kreis oder durch di i isi

t - e Linea
E;genes Widerstandverlaufes durchfihren. Die e;:iigzzzg

sung, zumeist genlgend, ist Linearisi i

isierung mit seriell
oder parallelen Schaltun i i o) zum
) ‘ gen eines Widerstandes

Thermistor, wie die Abbildung Z.a,b zeigt. == (RS zun

z
——
COPOR
=\ ZDROJ
— - Thermistor Rs
RCPD coPOR v
R
Th Thermister
a) . -
e
Abb.2.a,b
Stromt der Strom durch den Kreis nach Abb.2a , dann

?::f#Tmt “die L@sung der Gleichung '(2) der Abhingigkeit
fur gewdhlte Temperatur T; den Inflexpunkt. Die

Temperatur Ti ist
i gewahlt als i
Temperaturbereichs. ats Maetelnert des
gz 1 B - 27,
————————— =0 = Ry =—————————— | Ry; (2)

;i /K/....Mltte des Temperaturbereiches
-T‘ /Dhm/..w;derstand des Thermistors bei Temperatur T:
R /ohm/..linearisierter Widerstand :
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Bei der Schaltung des Widerstandes Rs zum Thermistor Th
(siehe abb.2Zb), kann man die Linearisierung des
Widerstandverlaufes Rm(UPH=F(U") ableiten, wenn diese
Grundebedigung gilt: bei drei equidistanten Temperaturen
v, -y = V-3 werden resultirende Widerstande Rm(V) auch
equidistant.

Es muss alsp die Gleichung gelten :

R - R = Rm(5) - Rm(Zp (3)

wobei
ROV ...Thermistorwiderstand bei Temperatur?” ../ohm/
e .es TEMPEratur .o /O0C/
Em(¥) ...paralelle Kombination R(?") + Rs .. /0hm/

Wenn in die Gleichung (3) die BEeziehung fur paralelle
Kombination des Widerstandes R(V) mit Rs eingesetzt wird und
einfache Regelung durchgefihrt wird, dann bekommt man die
Beziehung fur die Ausrechnung Rs :

R2 (R1+R3) - 2 R1 R3
Rs = /ohm/ (4)
R1 + R3 - 2 R2

wobei Ri=rR(Vi); R2=R(Vy); R3=R(U)

Fur verwendeten Thermistor NRZ - 1.001 mit Konstante
B=4000K und flr gewdhlten Temperaturbereich wird mit beaden
Methoden fast (bereinstimmender Widerstand errechnet. Mit
der ersten Methode war der Wert Rs = 2221 ohm und mit der
sweiten Re = 2232 ohm. Equidistante Temperaturen flr die
zweite Ausrechnungsweise wurden auf 10% und 90%Z des
Rereiches festgesetzt. Der Verlauf des Thermistorwider—
standes und linearisierte Charakteristik mit dem Widerstand
Re in Temperaturabhangigkeit zeigt Abb.3.

Termistorverlaut
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—r—— T s T T TR e i¢
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b1 -1 17'1
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Serielle Anschaltung des Widerstandes Rs zum Thermistor
Th wurde weiter in der Kreisldsung des Umsetzers R/f
(Widerstand/Frekwenz) geltend gemacht, welcher einfache
Signaldigitalisierung ermoglicht. Die Lésung nuzt Timer

Al

555" mit der originalen Anschaltung an die Kombination des:

Widerstandes R(U) mit Rs aus. Der Thermistor muss noch dazu
im Gleichstrombetrieb arbeiten, weil er zum Kreis durch
lange Zuleitungen (bis 45 m) mit parasitdts - Kapazitat (bis
Z000 pF) angeschlossen ist. Die ganze Schaltung ist einfach

und hat befriedigende Ubertragungslinearitat. Die
Charakteristik des Umzetzers wird auf Abb.4 gezeigt. Die
maximale Unlinearitdt des Verlaufes ist 2%. Beim Bedarf an

kleinerer Unlinearitdt ist weitere digitale Linearisierung
mit dem eingebauten Mikrorechner, resp. mit seinem Frogramm,
moglich.

Die Charakteristik des Umsetzers R<F

[ N

18 z28 3a 48 Sa
Temperatur (°C)
Abb. 4

S. Die Frifungen des Farameters der Senzoreinheiten.

Lie Messungen wurden mit zwei Frototypen der
Senzoreinheiten durchgeflhrt, welche wurden mit inlandischem
Mikrorechner MHE B874B ausgerlstet wurden. Die Frototypen
wurden an serielle Schnittstelle RS 232C des Rechners IBM
FC/AT durch den Wandler RS 232C / 20mA Current Loop
angeschaltet. Eei der Entfernung 300 m zwischen dem Rechner
und Senzoreinheit und bei der Ceschwindigkeit der
Ubertragung 2400 Bd war die Komunikation fehlerlos, was

befriedigend ist. Mit weiteren Priafungen wurden die
Temperaturstabilitat der Ubertragungscharakteristik der
Senzoreinbeit untersucht, resp. der Einfluss auf drei
gewdhlte Temperaturen und ein Messwert des

Kapazitatssensors. Die Wichtigkeit dieser Prifungen erkléaren
die Temperaturbedigungen (-10 bis +40 ©OC) in welchen die
Einrichtung arbeiten wird. Die Simulation dieser Bedingungen
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wurde in der Klimaanlage durchgeflhrt qu die drei
gemessenen Temperaturen (03 205 40 °C) in der Dlfllissigkeit
wurden mit den Thermostaten oP7 festgehalten. Die
Genauigkeit der FRegulierung war +0,05 0C. Die Toleranz der
gemessenen Werte der Kontrolltemperaturen hatte die absolute
Temperatur 0,3 9C nicht Uberschritten. Die Angabe aus
Kapazitadtsensor hat die Toleranz 0,1% (aus gemessenem Wert)
nicht uberschritten.

b.Zusamenfassung.

Die vorgelegte Forschungslésung der intelligenten
Sensoreinheit mit Kapazitédts und Temperatursensorem
synthetisieren spezielle Anwendung von neuen
mikroelektronischen Elementen und originale Kreislosung. Der
Ausgang ist ein Sensormodul, welcher die automatische
Messung aus 10 Temperatursensoren und einem Kapazitdtssensor
in Verbindung mit Rechner IEM FC durchflhrt. Zum Rechner
kann man bis 256 Senzoreinheiten anschalten. Im Referat ist
ausfihrlich die Linearisirungmethode und Datenumsetzung aus
den Thermistorsensoren beschreiben. FPraktische Ausnutzung
der Resul tate belegen die positiven Priafungen der
Prototypen—Sensoreinheiten.
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STORING OF CORNCOBS IN VERTICAL BINS
M. BRKIC - D. SOMER - M.BABIC - LJILJANA BABIC

University of Novi Sad, Agricultural Faculty, 21000 Novi Sad,
Trg Dositeja Obradovida 8, Yugoslavia

This paper presents the results of research of storing and low tempe-
rature drying of corncobs in vertical metal round bin and conventional
horizontal wooden crib. Based on the obtained results it has been found
that the vertical bins occupy less space in the economic yard, they
are fully mechanized, equipped with the device for active ventilation
by surrounding air and thus the quality -grain of natural odour and
taste is obtained. Finally, it has béen concluded that the vertical
bins will be profitably used for storing and low temperature drying

of wet corncobs. .

Key words: corncob, vertical bin, low temperature drying, storing,
resistance layer

1. INTRODUCTION

The conventional way of storing the corncobs in horizontal wooden cribs
with the natural drying by the surrounding air, in addition to the certain
advantages, showed some deficiencies. Due to the insufficient intensity of
wind the cribs are to be narrow (1,5 to 2'm max.). In order to store larger
quantity of corncobs, the cribs are to be placed in .the length of 10 to
15 m. The height of these cribs will be 2 to 3 m. In spite of this, they
have relatively small capacity 15 to 30 tons, expressed in relation to the
wet corncob. Such type of cribs can hardly be oriented towards the wind
rose, i.e. to be placed in the economic yard transversally to the most
frequent direction of wind blowing. In the economic yard they are mostly
located on the free spaces, built in groups or together with some other
building structures. Therefore they are sheltered and prevented from the
«ind effect. In such cribs (every fourth year on an averapge) the corncobs
deterioration (covering with mould) frequently appears, especially if the
norncobs put into the crib have the moisture content higher than 30%. In
addition, the corncobs in the crib are attacked by various rodents and
wirds. Also, the mechanized loading and unloading ol corncobs are not ade-
quately solved and it is necessary to enpgage the additional labour. In
consideration of relatively large surface to the volume of crib, the capi-
tal expenses of these structures per 1 cu.m. of storare space are high.
llamely, the cribs are high duty, i.e. they occupy the large space in the
economic yard.
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High yields of hybrid corn and the high content of moisture created in
the 60s particularly large problems in storing both at the social and the
private estates. The lack of labour and the sufficient number of cribs re-
sulted. in changing over to the new technology of mechanized harvesting of
corn grain and their storing into silo centres. This technology required
the application of high temperature gravity-flow driers of high performances
in order to store the wet grain as shortly as possible. The modern technolo-
gy was economically justified until the oil crisis in 1974. Today we are
coming acro¥s the poor quality of final product (high percentage of damages
and grain breakage). But in addition to the certain quality the market also
requests the healthy product, safe food for men and animals.

For the purpose of solving the above problems all efforts in this re-
search work are directed to the application of modified technology of the
natural way of corncob drying and storing. This is so called low temperatu-
re drying of corncobs by the surrounding air or slightly heated air in me-
tal or concrete vertical round bins (cells), with built-in device for active
ventilation of corncobs. This procedure would enable the maintenance of
biological quality of corn grains, without high consumption of thermal ener-
gy and with the minimum consumption of electric energy.

2. LITERATURE SURVEY

After BoSnjakovié and Brkié (1991)the consumption of energy for the
operation of field mechanization in the production of corn amounts to 109,4
lit/ha (or 9,7%), fuel oil, for artificial drying and storing of grain in
the silo 524,0 lit/ha (or 46,3%) and for the production of grain, fertili-
zer, protection means, machinery and equipment (so called indirect energy
consumption) 498,8 lit/ha (or U44,0%) at corn grain yield of 8 tons/ha.
Today we are coming across the poor quality of final product, i.e. high
percentage of grain damage and breakage. Namely, in the system of fast
drying and rapid grain cooling, as well as during the transport of '"glassy"
grain in the silo, the percentage of external grain cracks reached the
value of 11%, intermal cracks 87% and the grain breakage increased to 28%
(after Alimpié and Brkié, 1974).

The most efficient way of corncob drying by the surrounding air is at
the air temperature of 20 C. The good results were obtained with the air of
the relative humidity not higher than 60% (after Jakovenko,1972) and 70%
(after Cernjih,1973). If the corncob layer is ventilated with the surround-
ing air at the temperature of 20°C and relative humidity of 60%, at the
specific air flow of 300 m3/h per ton of corncobs, then the corncobs under
these conditions may be dried to the moisture content of 13 to 14% in seven
days and nights (after Jakovenko,1972).

After Jakovenko (1972), the following regime of active ventilaiton of
corncobs by the surrounding air is recommended: for moidture content 18%
minimum air flow of 30 m3/h per ton of corncob and the. maximum thickness
of corncob layer 3,5 m, for moisture content 35% air flow 55 m3/h per ton,
layer thickness 1,8 m. Similar values are recommended by Meljnik (1970).

The density of wet corncob layer amounts to 0,469 t/m3® (after Telenga-
tor,1972), 0,462 to 0,480 t/m> (after Golik, cited at Telengatar,1972) and
0,450 to 0,480 t/m® (after Ukolov,1964).

Mass ratio of grain and cob is 78:22 (after Ukolov,1964). The mass of
grain may vary. from 70 to 82. The lower content of moisture in cobs, the
larger portion of grain.

The resistance layer of corncobs to the air stream was analized by
several authors. For instance, at the forced velocity of 0,5 m/s, the re-
sistance layer is 100 Pa/m of layer thickness (after Hukill, 1974),
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71 Pa/m (after Jakovenko,1972), 50 Pa/m (after Ukolov, 1964) and Cernjih
1973) and 108 Pa/m (after Ukolov,1974). -

The various values of resistance layer are mainly obtained due to
the various types of tested varieties and hybrid corn. By comparing the
values of corncob resistance layer with the grain resistance layer by the.
sane authors it may be concluded that the corncob resistance layer is less
by 30 to 60 times than the grain resistance layer.

The moisture of corncob gradually drops during the storing in autumn,
winter and spring months. So for instance, after Alimpi¢ and Brkié¢ (1974)
during the corncob harvesting (the end of September, beginning of October)

the moisture content in corncobs amounts to 25 to 30%, at the beginning of’

November the moisture content drops to 22 to 23%, at the beginning of De-
cember 21 to 22%, at the beginning of January 19 to 20%, at the beginning
of February 18% and in April drops to 16%.

3. MATERIAL AND METHOD OF WORK

During the storing season in 1990 and 1991 the testing of storing the
wet corncobs in the vertical metal twelve angle ("round") bin produced by
RO "Celik" from Balki Jarak was made. The bin was located at the farm Feher
near Temerin. The project of bin has been elaborated by the Instutute for
agricultural technique, Agricultural Faculty in Novi Sad.The schematic
view of the bin is shown in Fig.1. The technical characteristics of the

bin are: diameter 4,2 m, height 6 m,
width of the side of the internal
triangular pipe 0,5 m,dimensions of'
— horizontal square connecting pipe
for active ventilation 0,35x0,35 m,
volume of bin useful space 78 m3.
To the bin is attached the axial
r fan AL 630 type 013, manufactured by
l{/‘ "Klima" Celje, of the following work-

2 and strain 160 Pa (working point).

"Volga" hybrid (FAO group 500)
was thrown into the bin by means of
== the inclined belt conveyer on 10th
\ October,1990., with the initial moi-

- L sture content of 23,7%. The weight
A of corncob was 38,22 tons. The corn-
cob was shelled by the tractor shel-
D ler on 17th September,1991. An eye
was kept on the storage of corncobs
during 11 months. The samples of
corncobs were submitted to the Tech-
nological Faculty in Novi Sad for
further laboratory testing of quali-
ty features of storing process.

///

" S r)

Fig.1 Vertical bin
1-fan, 2-movable piston, 3-bin,
4.perforated pipe,5-reel

Simultaneously the comparative testings of corncob storing in the con-
ventional horizontal crib were made. The crib was built earlier at the sa-
me farm. The crib dimensions are: width 1,9 m, height of lateral sides 2,2m
height of gable 3,2 m and length 10 m. The crib was located at the height
of 1 m. On the north side there is a shed near the crib. The shed shaded
the crib. The crib volume is 48 m2. "Dekald" hybrid (Fao group 500) was
stored into the crib with the initial moisture content of 23,8%. The weight
of corncobs was 23,5 tons. The corncob was shelled on 19th September, 1991.

ing characteristics: air flow 3,78 m3/s

|

e

=
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1 the laboratory testing of corncob resistance

as made. Hybrid ZP SK 704 was tested on the device
ed (granular) material which was located in the la-
1 technique in Novi Sad.

On 16th December, 199
layer to the air stream w
for fluidization of grain
boratory of the Institute for agricultura

Il. RESULTS OF RESEARCH WITH DISCUSSION

Based on the initial indices of wet corncob, "Jolga hybrid", it has
been found out that the bulk density of corncob in the vertical bin was )
490 kg/m®. The mass ratio of wet grain and cob was 81,7:18,3, expressed in
percentages. The calculated quantity of wet grain was 31.226 kg gnd cobs
5.714 kg. The quantity of the obtained dry grain was 27.386" kg with the
noisture content of 13%. The quantity of dry cobs was 4.400 kg. The mass
ratio of dry grain and cobs amounted to 86,15: 13,85, expressed in percenta-
mes. The bulk density of dry cobs was 466 kg/m3.

Due to the favourable weather conditions during the storing\ of medium
early hybrid with satisfactory initial moisture content (23,,~Z%) itl was r'lot
necessary to apply the active ventilation of corncobs in the Yertical bin
with the surrounding air. Namely, the bin was built like a chimney with the
natural vertical air draught. During the wind blowing, the horizontal bin
draught became stronger, since the thickness of corncob layer in the bin
was 1,75 m. Based on the above facts it may be concluded that the corncob
with the moisture content from the first critical point may be maturally

dried in the vertical round bin.
Diagram, Fig.2 shows the results of

testings of moisture content drop in

W
() the corncob stored in the vertical
bin. (position 1). It can be seen
] from the diagram that the flow of
1 corncob drying curve (position 3)
221 depends on the weather conditions
1 during autumn,winter and spring, as
=20 well as on the technical characteri-
o stics of storage. The favourable
S 18 characteristic of curve (position 1)
o resulted from the favourable weather
b conditions and corncob storing in
216 the vertical round bin with natural
g draught.
b
12

0 21234567897
month

Fig. 2: Cob drying curve
1-Temerin, 2-Alimpié/1/, 3-Patarcié/5/

The results of testing the corncob resistance layer to the air stream
are shown in diagram, Fig.3 (position 4). The data of our tests mainly
coincide with the data of Ukolov (1964). What is important to point out,
it may be stated that the values of corncob resistance layer are 40 times
less than the values of resistance layer of corn on the cobs, for the same
apparent velocities of the air in the layer. This practically means that
the consumption of electric energy for active ventilation of the wet cob

in the bin would be very low.
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AP
Kﬁ%/m) By following up the storing of
75 corncobs in the conventional crib it
20 was found out that the obtained quan-
tity of dry grain was 16,9 tons with
the moisture content of 13,1%. The
GQ mass ratio of dry grain and cob was
83,6:16,4, expressed in percentages.
50 The bulk density of dry grain is
e 468 kg/m3.
[
>0 The results of testings of the

quantity of moulds, yeast and bacteria
on the corncob in the vertical bin
and in the conventional crib point
out to the conclusion that the signi-
ficantly less number of microorganisms
were found in the vertical bin. For
instance, it has been found out that
the same numbér of microorganisms
. _ appsared in May in the conventional
crib and in August in vertical bin
1234567 8‘ 910 V in spite of favourable weather condi-
velocity of aw 10 (m/s) tions.

Fig.3: Resistance layer of grain
and cob
1-cob/6/2,-grain/6/3-cob/7/4-cob

In addition, the corncob from the “conventional crib smelt after mould, rot-
tenesi, r‘atsdand mice, while the corncob from the vertical bin was without
any odour and taste. This resulted from the natur i i

it hin 2 al air draught in the

g

Resistance of la
~N
o

5. CONCLUSION

Based on the literature and the results of testi ' 7i
.5 ing the following may
- drying of corncob with the moisture content at th i iti
) : ; ¢! e first critical
point: (22_to ?1%) may be done naturally in the vertical bins, without ac-

tive ventilation of cobs by the surrounding air
- if the moisture content exceeds 28%, it is necess ’
. ! 0 b, 1t ary to apply the
active ventilation by the surrounding air to the moi
: C " oisture content at
first critical point (22 to 24%), w e
- in order to use the active ventilation maximall
) X ly the recommended
altr_: flow is 50 to 55 m3/h per ton of corncob. Tt would result in the low-
S(smsi}];gf.:glc enclerdgl() consumption. Tt is estimated that the electric energy
> ion wou e approx. 250 kW for drying of 40 tons 4 )
by the Surromding sin ying ons of wet corncobs
- the resistance layer of corncob is lower for ab i
- about 40 times than
Egisr?:;ita_gce la)éer of for'n grain to the air stream flow. llaving in mind
: 1€ may be concluded that the drying of s i ¥ i 7
ber wiis Lo o etoll g rying of corncobs in the vertical
- the quality of stored and dried cob in the v i in i igni
c : ertical bin is signifi-
cant}y better than in the conventional crib. From the vertical bin y{ou
obtain healthy food for men and animals,
- vertical bins occupy less space than the conventi
) : : y C ntional structures
i.;laﬁhioecongglcrr%ard. The investment expenses expressed per 1 m3 are less
” r crib. ese bins are fully mechanized and d i o
engagement of additional labour. e Biioch Pegeiirs
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EFFECTIVE NATURAL VENTILATION OF CATTLE HOUSES
v. BrRoZ' - p. xic'

1University of Agriculture Prague, 165 21 Praha 6,
Czechoslovakia

This article describes the experience with the utilize-
tion of the new natural ventilation system in a cow
houses. Resultes of measurements of air temperatures,
humidity, air velocity, globe temperature and other
criteria show that microclimatic conditions in the sta-
bles with this type of ventilation are rather good du-
ring the s8ll tested periods.

natural ventilation; cow housej microclimatic conditions}
measurement

1. INTRODUCTION

During the last twenty years primarily forced ventilaw
tion hus been used in animal husbandry houses in Czechoslo-
vakia. The forced ventilation is necessary mostly in the
houses with & great concentration of animals in a breeding
space, namely poultry and pig houses. But the forced venti-
lation systems were also designed for cattle houses, where
these systems had not been used correctly and the maintenance
had not been sufficient.

This is why the natural ventilation systems were again
introduced for use in this country. However, the natural ven-
tilation of newly-built stables was not tested thoroughly
and was in many cases, simultaneous with the testing of un-
insulated stables and unsuitable types of stalls. The results
of those experiments were not reliable. It was caused mostly
by faulty evaluations of the effects of wind and the unsuit-
able construction of ridge slots and holes for inlet air.

The aim of this article is to describe the testing pro-
cedure for system of natural ventilation constructed according
to the patent /1/, named a as a system BS. This system has
been tested in a reconstructed four-row stable with 174 dairy-
=COWSy
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2. METHOD
Construction of the roof with natural ventilation has
the following cherecteristic features: .

- simple saddle roof with timber beam lattice, connected by
pressed-in Geng-nail type board,

- oblique slope of insulated roof construction (15-17°) with
planning modulus 1,5 m,

- possible width of construction to 25 m,

- low ceéligg made from panels BIOS with thermal resistence
1,29 m kW™ ',

- continual ventilation of roof by draught (roof slot),

- intake of fresh air through cornice slot,

- inlet of air in the breeding space through the ventilating

inlets with adjustable flaps situated at suitable distances

from the walls,

- air outlet through the ridge ventilating slot with adjusta-

ble revolving flaps,
- ridge ventilating slot covered from above by small, traas-
lucent roof and protected ageinsgt wind from both sides by

screen platess
Furthermore, long-term measurements of air temperature

and humidity have been made by registering the apparatus THG
during the winter, spring and summer periods. Intermittent
measurements of air temperatures, humidity, air velocity,
globe temperature, dust content, CO, and H,S content and
noise also were taken. The air flow patterﬁs were visualized
by smoke tests.

The check points for measurement were chosen with the
aim of finding the representative places for all microclima-
tic areas (centre, ridge, etc.).

Obtained results were tested according to " Regulations
of Use of Ventilation and Heating Systems in Agricultursl
Houses "/2/ and according to the following criteria:

- Effective Temperature of Surrounding Surfaces tu

4 T, |4
t, = 100 Gﬁo' + 2,85 ( L ty )\ w - 273,15

- Temperature Humidity Index THI

THI = ts + 0,36 tm + 41,5
- Black Globe Humidity Index BGHI
BGHI = Fg + 0,36 tm + 41,5
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- Wet Bulb Globe Temperature WBGT
WBGT = 0,2 tg + 0,1t +0,7 ¢

where: tg, Tg - globe temperature /°C, X /,
t temperature of dry bulb /°c/,

s
t temperature of wet bulb /°c/.

m

3. RESULTS

Table 1. Temperatures of winter, spring and

summer
Period t. . = : I T

rio 1<topt ti topt 1:i> topt te Ge ti G,i
%of time [%of time |%of time | °C |°c |°¢ |°¢
20.-27.2.] o© 79,5 | 20,5 2,913,9[13,53,5
14.-21.3, 1,2 63,4 35,4 8,14,5/13,0|2,7
9.-16.4. 2,4 32,5 65,1 7,7|5,1]13,0/3,0
3.-10.5. 1,2 73,8 25,0 7,1/3,8(12,8| 2,4
3.710.6. 41,5 56, 1 2,4 13,5/4,8(15,8(3,6
20,424.6,| 21,6 60,8 17,6 17,5|5,2/18,7|3,5

Table 2, Humidity of winter, spring and summer

Period L = v 07

0 Yl <yopt }ai %pt Vi> ‘Ioopt % Gle lfi Gi

%of time | %of time | %of time| % 2 I A

20.-26,2. c 88 12 89| 10| 67| 3
14.-21.3., 1,2 41,5 57,3 81| 17| 67| 7
.9.-13.4. 0 54 49 73| 19| 68| 7
3e=10.5. C 42,9 57,1 T1] 19| 69| 7
3+-10.6, 2,1 64,6 33,3 67| 15| 66| 8
20.-24.6, 2,0 _J 41,2 56,8 681 19| 71|10

m P
Table 3. Average temperatures and criteria in winter,

spring and summer period

ty |t tg | t, |THI | BGHI [ wikGT
9 2 | % | °¢ - - -
4| 7,6] 9,5(12,0 [ 51,2 53,0 6,6
17,1 119,5(19,9(20,1 | 66,5 | 66,7 16,3
27,6 |26,6025,9(25,0 | 75,9 75,2 | 23,2

s e
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4, CONCLUSION
Obtained results of measured temperatures show that the > /
stables with this type of ventilation system enable rather ; -

\

good preservution of air temperatures during all measured

periods. Relative humidity of the stable air had been about
half of measured periods time higher than optimum, which

show necessity for a more intensive ventilation.

The microclimatic conditions given by affect of tempe-
rature, humidity, air velocity and temperatures of surround-
ing surfaces are in majority of the stable stalls favourable.

The lengthwise air flow through the stable and bad re-
gulation of slot flaps for inlet and outlet of air has rathelr
negative influence on the microclimatic conditions ( tempe-
rature). For this type of natural ventilstion is necessary
to use precise. doors, windows and exact regulation according
to indoor and external climate conditions.
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ST RESULTS OF TORCING-0UT SCREWES
M. BROZLK - M. JIRKA - A. NOVAKOVA - J. OTTENSCHLAGER
University of Agriculture, 165 21  PRAHA 6, Czechoslovakia

[he article deals with the test results of forcing-out
screwes in veterinary decontamination stations. The extru-

der screw segments, made from high-tensile cast steel type
VI’7, VPH and VPH EXTRA, were put into operation. The tests
were carried out on extrusion presses of the Dutch firm

STORK-DUKI in the veterinary decontamination station in
Medlov and on_extrusion presses of the Czech firm TMS

Pardubice in Zichlinek. In the course of tests the changes
in geomelrical size of extruder screw segments and changes
in size and form of extruder screw segment threads were

determined.

veterinary decontamination; render:.ng plant extrusion
press; extruder screw; high tensile cast steel

1. LINLETTUNG

Bei der Verarbeitung der sekundaren Rohstoffe und der bio-
logischen Abfalle fur Futter ist es auBer der.Sterilisation
notig den Rohstoff zu desintegrieren - konsistenten EiweiBstoff,
Fette und Wasser auf selbstandige Fraktionen separieren. Der
ganze Prozess ist ein kompliziertes technologisches Problem
anspruchsvoll auf die Maschinenausstattung, namentlich die Fett-
separierung, wie in direkten energetischen Anspruchen, so auf
die in der maschinellen Ausrustung versteckte Energie. Die
Kafilerienschneckenpressen sind ein typisches Beispiel. Die Ar-
beitsteile - Schnecke und Seiherstabe - arbeiten in sehr
ungunstigen Press- und Abnutzungsbedingungen. Anspruchsvolle
Bedingungen charakterisieren die Lebensdauer, die sich nach
der Rohwarenzusammensetzung von 400 bis 800 Betriebsstunden
andern /1/.

Die Herstellung neuer Schneckensegmente erfolgt durch
klassische Technologie - Zerspanung, Einsetzung des Gewindes
und AufschweiBung der verschleiBbestandigen Schichten auf die
aktive Flachen. Mit Rucksicht auf die relativ kleine Lebens-
dauer der Segmenten wurden in letzten Jahren verscheidene Arten
von Zubereitung entworfen um die Lebensdauer zu verlangern. Es
wurde ganze Reihe von Technologien gepruft, zum Beispiel

scnen Schichten und Einbau des Schnecken i
bestandigem Werkstoff. peuindes aus abnutzungs-
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Renovierunc der abgenutzten Segmente durch A i i
Seh enl c ( ' ufschweifung der abnutzungs- bt
Jestanaingen Zusatzuerkstoffen, Plasmaauftragen der nichtmet%lli— ‘i'

2. PRUFUNGSMETHODIK

In der Zusammenarbeit des Lehrstuhls "Werkst i
jquautechno%ogie” der Landwirtschaftlischen HochgééuﬁgdiragggL
E\Uﬂ Fraha—Bechovice, SVUM Brno und TMS Pardubice wurde zum >
txperiment neue Technologie entworfen - abgegossene Schnecken-
Eegmgnte: Aus moglichen Werkstoffen wurden die GuBstahle hoher
restigkeit VE7, VPH und VPH EXTRA gewahlt. Das GieBen wurde in
EXUM Brno, die Warmebehandlung in TMS Pardubice durchgefihrt
Fur Experimente ugrde ein Satz der Segmente fur die Schneckeﬁ—
presse TMS Eardublce, Typ LS 250, und ein Satz der Segmente fur
die hollandische Presse STORK-DUKE verbereitet.

2.1 \erfolgte Parameter |

Beim Messen wurde die Anderung der geometrischen GroBen J

jedes bei der Demontage zuganglichen Se
: i gmentes festgestellt.
Die Bezeichnung der Segmente zeigt Bild 1. Das Messgn wﬁrde

1 2 3 4 5a5b 5 6
P

e 1wl

R SRR N

Bild 1. Bezeichnung der Segmente

TiﬁéelsdQEmMAgBentaster und dem MaBstab durchgefuhrt. Weiter
/urden die MaBen und die Gewindeform jed ’
Messungsschema zeigt Bild 2. | IS SeEINILER (gRTessEy

30

3025
—tp———

77 /7/%/{

w

= —— 3
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a i
y By b)
ild 2. Messgﬂgs:chnmn der MaBien des Segmentes (a) und des
Profils des neuen Gowindes )
tend Die Ugrchmesgurqruﬁnu der Segmente zeigen ihre forischrei- 1 J
deq e Vermjndergnu._ﬂraphlnuh wird diese Abhangigkeil nicht it
a[ge,te%l}, vel ) dln_Uurnhmeﬁnnrf und langenabnﬂt/unq der
einzelnen Seqmenten nicht Finear war. Aus gemessenen GroBen

ist abrr dic schoellere Abnutzung am Anfang und zum Inde dor
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Lebensdauer merkbar . Zwischen diesen Phasen laufte die Abnutzung
langsamer durch. '

Naher wurde die Schneckengewindeabnﬂtzung verfolgt. Fur
die Auswertung wurde immer nach gewisser Zeit das Seihergestell
demontiert und mittels Gipsabzuge wurden die Gewindeprofile der
einzelnen Segmente abgenommen.

Jeder Gipsabzug wurde zersagt und so geschliffen, daB ein
radialer Schnitt senkrecht auf die Richtung der Gewindesteigung
entstand. Durch Uberlagerung der Schnitte wurden die Verschleif-
.verlaufe einzelner Segmente gewonnen.

2.2 Messung an der Schneckenpresse TMS Pardubice

. Die Betriebsprﬂfgngen wurden in dem Assanierungsanstalt
in 7ichlinek durchgefuhrt. Die Segmenten wurden aus GuBstahlen
VPH und VP7 hergestellt, ibr Einsatz wird in Tafel 1 angefuhrt.

Tafel 1. Geprufte Werkstoffe in Bemerkung: Segmente Nr. O,
der Schneckenpresse TMS 1 und 2 und die Buchse 6

(Bild 1) werden nicht ange-

fuhrt, weil sie im Betrieb

nur kleinen VerschleiB

3 VPH ausweisen und fur die

| Segmentbezeichnung Werkstoff

4 VPH Schneckenlebensdauer nicht
5a VP7 limitierend sind.

5b " VP7

5c VPH

Die VerschleiBverlaufe der Segmente 3, 4, 5a, 5b und 5c in
Abhangigkeit auf den Betriebsstunden zeigen Bilder 3 bis 7.

\
D

Bild 3. Verschleifverlauf des
Gewindes des Segments 3 (TMS)

e/ ’ t:?“'_";'
Bild 4. Verschleiverlauf des Bild 5. VerschleiBverlauf des
Gewindes des Segments Gewindes des Segments
4 (1MS) 5a (TMS)

Hild 6. VerschleiBverlauf des Bild 7. VerschleiBverlauf des
Gewindes des Segments Gewindes des Segments
S5h (TMS) 5¢ (TMS)
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B Oben aqgefuhrte Bilder zeigen die fortschreitenden Form-
apderungen Jedes Segmentes. Fur die Fettverdrangung ist es aber
nicht nur die Anderung der Gewindehohe, sondern auch die
Winkelanderung der Druckseite des Gewindes wichtig.

~ Die Gewindeprofile wurden planimetriert i
Gew1qdeprofilabnahme mit Bezug guf den ursprUﬁS?iSﬁeﬁuaﬁgr?le
schnitt ermittelt. In Tafel 2 werden die perzentuellen Ver-
haltnlssg der Querschnitte fur bestimmte Betriebsstunden zum
Querschnitt des neuen Gewindes angefuhrt.

Tafel 2. Gewindequerschnittabnahme der Segmente TMS /%/
Betriebsstunden
Segment Nr. 0 92 169 . 550
3 100 97,9 94,8
, , 90,2
4 100 96,1 92,1 67,0
5a 100 93,5 81,2 25,8
5b 100 91,4 78,8 7,0
5c 100 80,3 583 21,3 ¥

Bemerkung: Segment 5c wurde nach 275 Betriebsstunden ausge-
tauscht.

Bild g?aphlsche Darstellung der Werte aus der Tafel 2 zeigt

- 100+

-
= 2
304

>
o

120 200 300 400 590

Bild 8. Verhéltnis des Gewindequerschnittes zum Querschnitt des neuen
Gewinde (V) in Abhangigkeit von den Betriebsstunden (t)

2.3 Messung an der Schneckenpresse STORK-DUKE

Die Betriebsprufungen wurden in dem As i i
b ] sanierungsanstal
vgglov durchgefuhrt. Dlg Segmente wurden aus GuBstéElen VgHtu;E
EXTRA hergestellt, ihr Einsatz wird in Tafel 3 angefuhrt.

Die VerschleiBverlaufe der Se
.. Die v C gmenten 3, 4, Sa, 5b d
in Abhangigkeit auf den Betriebsstunden zeigen Biléer qugiSS§3.

Weiter wurde analogisch wie in Tafel 2 di "
j die Gewind -
schnittabnahme der Segmente STORK-DUKE festgestellt.n SRR
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Tafel 3.Geprufte Werkstoffe in
der Schneckenpresse

STORK-DUKE i
————— 86
Segmentbezeichnung Werkstoff T r
—— - 08
: ver e 257
4 VPH
XTRA
;g VPHVIEH Betriebsstunden
N 5c VPH

o ver i i f des
i i f des Bild 10. VerschleiBverlau
pitd 7. gzaiﬁgéglgégréggments Gewindes des Segments
3 (STORK-DUKE) 4 (STORK-DUKE)

A e N

VerschleiBverlauf des
Gewindes des Segments
5hb (STORK-DUKE)

Bild 11. VerschleiBverlauf des Bild 1
Gewindes des Segments
5a (STORK-DUKE)

—x—‘“:/"/.'...."_-.".._.—:-_:

Bild 13. VerschleiBverlauf des
Gewindes des Segments
5c (STORK-DUKE)

Tafel 4. Gewindequerschnittabnahme der Segmente STORK-DUKE /%/

Betriebsstunden

Segment Nr. 0 86 242 508 657

83,4
100 95,4 87,7 84,8

l Z 100 89,0 70,5 60,2 36,3
5a 100 84,8 67,0 47,4 10,1
5b 100 90,6 75,7 43,8 19,%

56 100 95,6 62 ;7 18,8 7,

Graphische Darstellung der Werte aus der Tafel 4 zeigt
Bild 14.

3. AUSWERTUNG DER EXPERIMENTE

i i i i i i bedeutend durch Roh-
Die Versch181Bgeschw1ndlgkelt‘w1rg ) }
warenzusammensetzung beeinflulit (Tlerkorper, Konfiskate, Knﬁ
chen, Schlachtabfalle usw.). Die Assanationsanstalten mussen
? .

71

160 290 309 .00 5

93

20
—tlh
Bild 14. Verhaltnis des Gewindequerschnittes zum Querschnitt des neuen
Gewinde (V) in Abhangigkeit von den Betriebsstunden (t)

diese Rohwaren im kurzen Zeitraum verarbeiten und die Rohwaren
kann man nicht aufbewahren. Daraus folgt, daB Beeinflussung der

Lebensdauer durch Regulierung der Rohwarenzusammensetzung nicht
moglich ist.

Weiteres Problem ist die Lebensdauerbeurteilung der von uns
gepruften Segmenten. Literatutangabgn sind sehr verschieden,
was wahrscheinlich durch oben angefihrte Rohwarenzgsammensetzung
verursacht wird. Nach der Angaben der Arbeiter in Zichlinek bei
Benutzung von aufgeschweiBten Segmenten wurde die Lebensdauer
von etwa 300 bis 360 Betriebsstunden erreicht. Etwas hohere
Angaben fuhrt die Arbeit von VETAS Dobfejovice an, und zwar 516
Betriebsstunden. Die Arbeit macht aber aufmerksam auf die
Probleme der Auftragsschweiﬂungsqualitat, Forménderungen und
RiBbildung. Die Lebensdauerangaben der Assanierungsanstalten

in der Slowakei sind bis 1253,6 Betriebsstunden, was sich als
nicht real zeigt.

3.1 Auswertung der Experimente fur die Schneckenpresse TMS

Die Lebensdauer der Segmente war 550 Betriebsstunden. Bei
dem Vergleich ist es klar, daB die von uns geprufte Schnecken-
segmente aus GuBstahl hoher Festigkeit gleiche oder hohere
Lebensdauer aufwiesen als die aufgeschweiBten Segmente. Es wur-
den dabei nach 550 Stunden nur Segmente 4, 5a, 5b und 5S¢
ausgetauscht, weitere Segmente blieben im Betrieb.

3.2 Auswertung der Experimente fur die Schneckenpresse
STORK-=DUKE

Die Lebensdauer der Segmente war 657 Betriebsstunden. Es
wurden dabei, ahnlich wie bei der Schneckenpresse TMS, nur die

Segmente 4, 5a, Sb und 5S¢ ausgetauscht, weitere Segmente
blieben im Betrieb.

Der markante Beitrag bei Benutzung der gegossenen Segmente
ist die Moglichkeit die abgenutzten Segmente als Rohstoff fur
die Herstellung neuer Segmente zu benutzen. Das konnte nicht

nur Materialersparnis bhrinnen. sandern auch di® RBeseitigunng der
Schwierigkeiten bei der wiederholter Reparatur durch Auf-
schweilung. ErfahrungsmaBiq kann man die AufschweiBung auf
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dieseibe Oberflache hochstens dreimal wiederholen. Weiterg Auf-
schweiBung ist mit Rucksicht auf groBe"Formanderungen der inneren
Bohrung und der Nabennut nicht mehr moglich.

4. SCHLUBBEMERKUNGEN

Man kann feststellen, daB die Betriebsprufungen neuer
Segmente, die aus GuBstahlen hoher Festigkeit Typ VP7, VPH gnd
VPH EXTRA hergestellt wurden, manche neue positive Erkenntnisse
gebracht haben.

1. Lebensdauer der abgegossenen Segmente ist vergleichbar oder
hoher als der durch AufschweiBung reparierten. )

2. Im Falle der Serienfertigung wurde es zur Materialersparnis
kommen durch Ausnutzung der abgenutzten Teile als Rohstoff.

3. Lebensdauer der Schneckensegmente aus GuBstahl konnte durch
Erhohung der Harte gesteigert werden. .

4. Durch Ausnutzung der abgegossenen Segmente fur die Schnec~
kenpresse STORK-DUKE konnte ihr Mangel in Assanierungsan-
stalten beseitigt werden /2/.

Sc/hr ifttum

/1/ NOVOTNY, V. - BROZEK, M.: Tribilogické vlastnosti &innych
gasti 1ist namdhanych otérem. In: Sbornik Celostdtni konfe-
rence kateder ¢dsti a mechanismd strojd. Red. S. Jansa.
Brno, DT CSVTS 1988. s. 165 - 168.

/2/ BROZEK, M. aj.: Provozni zkousky 3nekovnic kafilernich vy-
tésfovacich lisd. /Vyzkumnd zprédva/. Praha, VSZ 1987. 48 s.
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TECHNOLOGICAL VALUE OF SUGAR BEET
(Polarimetric Determination of Sucrose)
Brdhova P., Bubnik Z., Koré¢ékova I.; Kadlec P

Institut of Chemical Technology
166 28 Praha 6, Czechoslovakia

The article deals with replacement of toxic 1lead
clarification agents which are polluting Watefs and
streams with another less toxic aluminium agents. A
method of using HPLC for carbohydrates analysis is also
briefly mentioned.

water pollution; clarification; lead replacement; aluminium

clarification agents; polarimetric determination

Sugar beet is the ©basic raw material for sucrose
production. The beet is evaluated according to its technological
value. The value is determined by the ratio of the amount of
sugar content in the beet to the amount of sugar that can be
obtained when the beet 1is processed. Among of the main
technological quality indicators are the content of sucrose in
the beet, the content of ash, Na, K, a—-amino N, invert sugar and
others.

The content of sucrose is determined by polarization. The
polarization is an optical method based on substances abilities
to turn the 1level of polarised 1light. For that methoa of
determination, it is necessary to obtain a clear extract from
the beet from which optically active substances, with the
exception of the sucrose, have been removed. An accessible

method of obtaining the clear extract is to clarify the
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is fit to replace classical empirical methods of invert
prior-to-filtration solution by addition of a relevant salt and determination. in the sugar making industry.
then separate the precipitate by filtration. References:

In Czechoslovakia so far lead acetate and other lead salts /1/ Proceedings, ICUMSA, 1986, 19th Session, Cannes; British
have been widely used for clarification of solutions for the Sugar plc, Technical Centre, Colney, Norwich NR4 7UB,
purposes of polarimetric determination of the sucrose content in England, 1986; pp. 149-163,
the beet. Laboratory sludges containing lead substances are not /2/ Proceedings, ICUMSA, 1990, 20th Session, Colorado
treated and they are discharged into waste water. In the course Springs; British Sugar plc, Technical Centre, Colney,
of one sugar campaigne about 0,7 kg of lead may be discharged Norwich NR4 7UB, England, 1990; pp.79 - 91 )
into waste water as a result of beet analyses by one sugar /3/ Clarke J., Bourgeois J.: Int. Sugar J., 92, 1991, (1094),
factory. Czechoslovak norm (CSN) no. 76 7111 on Potable water p. 35
states that the maximum permitted concentration of 1lead in

potable water sources is 0,056 mg.l_l. Based on that it is clear 1

that the above-mentioned amount of lead might pollute up to 14 M

liters of potable water sources water. With respect to high
toxicity of lead, it would be useful to replace lead salts with
other nontoxic substances, or at least with less toxic

substances than lead is. |

Based on the recommendations by ICUMSA /1, 2/, an |-
organization active in the field of sugar analysis, we have !
verified the solution A12(SO4)3.18 HZO’ A1C13.6 H20 for the ”f}
purpose of solution clarification for the determination of the
content of the sucrose in the beet. Further on, we have tested
whether the powder agent (Baddley Chemicals, Inc. Baton Rouge ,
LA, USA) may be used for the above-mentioned clarification. The

agent comprises of A12C1(OH)5, Ca(OH)2 and flocculant RM 10-NKT x

(American Colloid Comp.) mixed in the ratio 10:1:2 /3/.

We have found out that the .polarisation results of I
clarification by compounds on the Al3+ salts base are in average

by 0,05 % lower than with lead acetate.

With the above-described polarimetric method, all optically
active substances that turn the level of the polarised light are
determined in the result. In order to eliminate that, methods of ‘”
sucrose determining based on a different principle are searched |
for. One of such methods is high pressure liquid chromatography
(HPLC). The advantage of this method is that in one analysis
contents of sucrose, glucose, fructose, raffinose can be
determined as well as a content of betain (N-substance). This
methods reproducibility is 1,5 %. The HPLC way of determination
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CHOICE OF MATERIAL FOR WIRES IN HOP GARDENS
3. BREZINA - J. HORAGEK - V. VOPALENSKY
University of Agriculture, 165 21 Praha 6, Czechoslovakia

about choice of material apd construction
;Qid;e;¥ giggiswire in hop-frama. In addition to tEe masf
spread soft steel, such as low carbon steel under zeg s}
slovak standard 11 343, there were tested elements matg
from wire hope. Corrosion effect decreases usefuktsiﬁ ion,
strength and plasticity of wireg of sof? steel. t gteel
recent time there started experiments with low a% oy 2
Atmofix, which is similar to stee} Corten. In this issiteel
supposed from layer of patina, which protects then e
against further corrosion.

atmospheric corrosion; hop-frame; strain hardening of steel
wire.

1. EINLEITUNG

Die Beschadigung der Hopfengartenkonstruktionen von gggun-
stigen Naturerscheinungen (besonders mlttels”dem Sturgwin -
verlangte sich komplexe wissepschaftllche P?ufen‘dey e asein?
der Hopfengartenkonstruktion im Bezug zur D}men510nlerung.funen
zelnes Elementes. Die Ausnutzung'der_Ergebnlsse unsex{erk rutrgk-
trigt zum Erhohung der Zuverlassigkeit dgr Hopfgngar zn DEE Pk
tionen bei und es konnte die Verluste bei den Fdllen der p
gartenkonstruktionen erniedrigen.

L

ie Hopfengartenkonstruktion wird einem Grgndgystem”der
Léngsgieundpauegverbindung geschafft, welches die Bee?drah?ed
trigt /3/. Das Deckensystem der Hopfengartegkonstruktlgn glﬁird
mit den inneren und dusseren Saulen untgrstutz und im antem
mit dem Ankersystem in den Boden befest}gt. Das Dec ezsysd‘e =
der Hopfengartenkonstruktion sghgffep die Fadeqele?en e, di
Belastung vorallem ihrer Tragfahigkeit im Zug ubertragen.

i isten gezogene und
Als die Fadenelemente brauchen man am meis
gluhene Drahte aus dem Stahl 11 343 (entspricht DIN 17 122180)
nach den tschechoslowakischen Normgn CSN_41 1343 und 42 .
Fur das Deckensystem werden die Drahte mit einem Durchmesser
von 5 bis 12,5 mm benutzt.

u i 0 iale mit hoher
Fur die Fadenelemente konnen auch Materia )
Festigﬁeit benutzten sein. Es wurde eine Hopfm@artem«mstmmtlon

mit den Stahlseile diesen. Parametr gebaut /2/:
- das einlitzele Seil (1 + 6) mit dem Durchmesser 7,1 mm
CSN 02 4310
- das einlitzele Seil (1 + 6 + 12) mit dem Durchmesser 15 mm
CSN 02 4311
- der Nominalwert der Festigkeit 1 270 MPa.
An den Seilenden sind die Augen geschafft, welche mit den Blei-
chertklemmen sichergestellt wurden. Es wurden die Seile aus
den verzinkten Drdhte benutzt. Die Hopfengartenkonstruktion aus
der Seile wird schon 11 Jahre benutzt und Elemente aus der Stahl-
seile sind entsprechend. Die Benutzung des Materials mit hoher
Festigkeit fuhrt zur Erniedrigung die Stofflichkeit, aber es
.bringt zur komplizierten Weise der Festigung des Fadenelementes.

2. DIE METHODIK DER PRUFUNGEN DER STAHLDRAHTE

Das Ziel unseres Arbeits war erkennen, wie sich die Eigen-
schaften der Drdhte aus Stahl 11 343 im Lauf der Lebensdauer
verdndert. Bei dem Muster haben wir festgestellt:

- korrosionsbedingte Verluste

- die Stdrke an der Fliess- und Festigkeitsgrenze

- die plastische Eigenschaften des Drahtes ( Formbarkeit und

relative Verldngerung ).

Die korrosionsbedingte Verluste wurden wie Veranderung der Lange
oder die Gewichtsverluste auf der Flicheneinheit angegeben. Bei
den Drdhten des Ringquerschnittes ist passend Ausdruck des Kor-
rosionsverlauf durch dem Tragquerschnitt des Drahtes. Die ein-
fache und genaue Methode ist die Ermittlung die korrosionsbedin-
gte Verluste durch dem Wdgen. Die Muster der Drihte etwa 100 mm
lang wurden von den Rost durch Beizmittel befreiet und nach dem
Wagen konnte es den mittleren Durchmesser des Drahtes rechnen.

Fur den Vergleich haben wir die Methode der Auswertung der
Ld@ngs- und Querschnitte benutzt. Diese Methode stellt die Fliche
des Tragquerschnitts fest und gleichzeitig ermittelt man auch
die Ungleichmdssigkeit des Korrosionsverlaufes.

Bei der Zugprufung nach CSN 42 0310 bestimmt man:
- die Kraft an der Bruchgrenze F
- die Kraft an der Fliessgrenze Fo
- Formbarkeit A €
- relative Verldngerung B.
Die Formbarkeit A und relative Verdanderung B rechnet man nach
die Formel:

Ly = Ly
A(B) = — . 100 [%]
L
0
Lr .... die Ldnge bezeichnetes Prufabschnittes nach der Prufung
Lo ---. die Ldnge bezeichnetes Prufabschnittes vor der Prifung.

Der Unterschied zwieschen der Formbarkeit und der relative Ver-
langerung ist im Prufabschnitt. Die Formbarkeit bewertet die
Umgebund des Platzes, in dem zum Bruch des Musters kommt. Die
relative Verldngerung wertet die Abschnitte ausser des Bereiches
des Bruchpunktes. Die Formbarkeit wurde auf die Ldange 5 D

( 5-mal Durchmesser des Drahtes ) ermittelt. Die relative Ver-

langerung wurde auf die Prufabschnitte der Ldange vor der Prufung
25 mm ermittelt.




3. VERSUCHSERGEBNISSE

Ip Tab.1l werden die Werte der korrosionsbedingte Verluste
beim Draht des Durchmessers 5 mm eingefuhrt /1/. Die Tabelle 1
fuhrt gerechneter Durchmesser des Drahtes auf den Grund der W&-
gen an und vergleicht auch diese Werte mit den Werten aus der
Langst- und Querschnittemethode. Tabelle 2 fuhrt die Ergebnisse
der Zugprufung der Drihte mit dem Durchmesser 5 mm. Auf dem
Bild 1 wird Korrosionsverlauf in der Abhdngigkeit auf das Ge-
brauchszeit der Dréhte. Der volle Strich verbindet die Werte
korrosionsbedingte Verluste mit der Wdgen ermitteln. Mit dem
ofters unterbrochenen Strich werden die Werte mit der L&ngsschnit-
temethode ermittelt verbindet. Der punktierte Strich verbindet
die Werte mit der Querschnittemethode ermittelt. Diese Striche
bezeichnen die obere und untere Grenze.

Tab.1 Die,korrosionsbedingte Verluste der Drdahte mit dem Durch-
messer 5 mm -

Gebrauchs- Die korrosionsbedingte Verluste (an Halbmesser) [mm]
zeit der ermittelt | ermittelt Querschnitte- | ermittelt Langsschnitte-
Drihte durch methode methode
[J h ] Wi arithmetis. | Grenzein- | arithmetis. Grenzein-
ant, gen Mittel tervall Mittel terval
7 0,27 0,24 0,05-0,45 0,16 0,05-0,30'
12 0,39 0,39 0,15-0,60 0,34 0,20-0,55
18 0,67 0,63 0,35-0,85 0,66 0,45-0,75

Tab.2 Die Ergebnisse der Zugprufung der Drihte mit dem Durch-
messer 5 mm

Gebrauchs- Kraft an der|Kraft an der|Formbarkeit|relative
Siéﬁtger Bruchgrenze |Fliessgrenze 50D Verlangerung
[2aht) - F,oov] [ U B S ) 5. [%]

0 6 087 3 650 51,6 27,4

7 5 270 3 917 30,1 11,2

12 4 520 3 077 32,6 12,8

18 3 400 2 650 28,3 10,7

4. DIE DISKUSSION

Bild 1 zeigt fast linear Korrosionsverlauf. Tab.3 und
Bild 2 vergleichen die Verringerung des Tragquerschnittes mit
dem Sinken die Kraft an der Bruchgrenze. In ganzen Bereich sinkt
der Festigkeit des Drahtes weniger als der Tragquerschnitt des
Drahtes. Wahrend des Benutzungszeites kommt zur Verfestigung

08 |

02

Korrosionsverlauf an Halbmesser [mm]

6000

kE T F
2000 \e_

7 1‘

2 18 .0 7 12 18
Gebrauchszeit [ Jahr] Gebrauchszeit [ Jahr]
Bild 1 Korrosionsverlauf des Beet- Bild 3 Verlauf der Kridfte an der
drahtes mit Durchmesser 5 mm Bruchgrenze (Fm) und

— 100 ¢

o
%

80 4

604

20

Anteil des Ausgangwertes

Bild 2

Fliessgrenze (Fe)

der Drdhte und zum Sinken
der plastischen Eigen-
schaften ( Formbarkeit und
relative Verldngerung,Tab.2).
Die Kraft an der Fliessgrenze
q sinkt weniger als die
Kraft an der Bruchgrenze
(Bild 3), es bedeutet die
Verkleinerung des Bereichs
der Materialumformung im
Zugprufungdiagram. Auch
bei Beanspruchung, welche
die Fliessgrenze nicht
uberschreit, kommt es zur
Verfestigung der Drahte.

4
+ t e b

7 12 15’
Gebrauchszeit [Jahr]

Vergleich der Verringerung des
Traggeurschnittes (Q) mit dem
Sinken der Kraft an der 8ruch-
grenze (Fnﬁ




Tab.3 Verringerung des Tragquerschnittes und Sinken die
Festigkeit des Drahtes

Gebrauchs- | Durchmesser Tragquerschnitt Kraft an der Bruchgrenze
zeit der |des Drahtes Fldche Anteil des Fm Anteil des
Drahte Ausgangwertes Ausgangwertes
[Jahr] [mm] &mzl [%] [n] (%]
0 5,00 19,64 100,0 6 087 100,0
7 4,46 15,62 79,5 5 270 86,6
12 4,22 131,99 71,2 4 520 74,3
18 3,66 10,52 | 53,6 3 400 55,8

5. SCHLUSSBEMERKUNG

Durch dem Auswertung der Hopfengartenkonstruktionsdrihte
nach Benutzungzeit 7; 12 und 18 Jahre wurde die korrosinsbedingte
Verluste und Verdnderung der Festungs- und Plastischeeigenschaften
festgestellt. Die korrosionsbedingte Verluste ausweisen fast
linear Verlauf mit durchschnittlichem Verlust 0,035 mm pro Jahr
und es bedeuted die Verkleinerung des Drahtdurchmessers um
1,4 mm nach 20 Jahren.

Bei dem Krdften an der Fliessgrenze und an der Bruchgrenze
kommt es zum Sinken, welcher kleiner ist, wie die Verringerung
des Tragquerschnittes. Bei den Dridhten kommt es zur Verfestigung
und gleichzeitig zum Sinken der plastischen Eigeinschaften.

Die korrosionsbedingte Verluste kann man mit der Benutzung
des Stahles ATMOFIX bedeutend vermindert sein. Die Drihte aus
ATMOFIX werden jetzt auf der experimentalen Hopfengartenkon-
struktion gepruft.

Schrifttum
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tionsdrahte. (Der Forschungsbericht), Landwirtschaftliche
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THE COUNTER-ROTATING PK 700 CUTTER BAR WITH CAM DRIVE
P. CYRUS

Facuity of Education, 501 91 Hradec Krdlové, Czechoslovakia

The principle of a cam drive mowing machine with counter-
rotating scythes and its testing in a functional model of
PK 700 cutter bar is introduced in the study. Solving of

basig construction units together with results reached during
testing at work is described. )

Kgy words: mowing machine, counter-rotating scythe
cam drive, scythes knife

INTRODUCTION

The first testing of the functional model of the PK 700
counter-rotating cutter bar with the new type of scythe drive
was introduced in the year 1991 /1/. The driving mechanism
consisted of two cams, mutually turned through an angle of 90°
Boﬁh scythes were provided on one end with rotating rollers,
which were pressed to the cams with two springs. The lifting
of each scythe was done by the cam and two springs. The scythe
was driven with the cam and the back motion was evoked with

the force from loaded springs. The scheme of the drive is
demonstrated in Fig. 1.

MATERIAL AND METHODS

. The functional model of the machine with the PK 700
d851gn§tion for verifying the cam drive function of counter-
-rotating scythes was designed and subsequently produced.
The mowing machine consisted of two basic parts: cutter bar
and mobile mechanism with the motor.




FIG.1l: Scheme of cutter-bar drive
1,2 - stretched spring - 3,4 - scythes, 5,6 - cams
7,8 - lines, 9 - rollers - 10 -arms

CUTTER BAR

The engagement of the cutter bar was designated at 700

mm. Two types of sickle knives with 50.8 mm pitch were used
for scythes production. The knives of the upper scythe had
smooth cutting edge and the knives of the lower scythe had
knurl cutting edge. The mounting of both scythes is illustra-
ted in Fig. 2. The knives of both scythes were riveted on
beams 3 and 4. Beam &4 was of rectangle profile and beam 3 of
L shaped profile. Both scythes were bedded in the slot of
frame 6. To decrease the value of passive resistance, the
slot of frame 6 was filled with a sliding layer of Gamapest
material in the point of connection with the scythes beams.
The position of both scythes was secured with holder 5. The
holder construction was according to /3/.

Both scythes were provided with a rotating roller with
a pin on one end, and they were secured with a safety ring.
Permanent connection of the roler with the cam was performed
by the cylinder springs attached to the scythes arms.

FIG. 2. ?igplifieghtrinsversal cut through the cutter bar
»4 - scythe knives - 3,4 - scyth -
6 - frame,- 7 sliding layer yihes beans 7 hotder -

The springs dimension and t
) T he shape of the cam wer
designed on the basis of the dynamic model of cam mechagis
solved by analogous computer /4/. "

MOBILE MECHANISM

The bar beam and mobile mechani
: C ism from the LB 70 i
Eiiﬁscgﬁgzé?erwiri'USEG in testing the proposed cutterTg:;ng
er-rotating scythes, The original frontal cutt
Egggéhﬁ;caiﬁg t?ﬁ pulley i?d wheel were disassembled frogrtﬁzr
s € new cutter bar was fastened lat
the holder to the bear with Sintad T Y
! ) a few scr .
mechanism is demonstrated in Fig.3. . TR Aomp et

DUlle;rﬁgsmissignfgf mechanical energy from the motor to the
| cam sha of scythes drive was solved wi

i B 5 solve ith th
drive, The applied double-cylinder type of petrol motorew?ilt

power output P = 2 kW at crankshaft 3 0 i T
proved suitable for this purpose. movement n = 2 500 min




FIG.3 PK 700 cutter machine
1 - motor, - 2 - mobile mechanism, - 3. - belt drive,-

4 - holder, - 5 - cutter bar

RESULTS

The testing was carried out by the author in Pardubice
and Nymburk in June 1991. Garden grass and lucerne were cut .

Imperfections were not found in the guality of the cut
mass, and no uncut growth appeared. The cutter bar worked
without noise and transmission of vibration on the operator,
what was observed, e.g., in mowing machine LB 70.

The possibility of penetration by foreign solid objects
in the cutter-bar engagement was examined. The object was
caught between the knives of the scythes and then the scythes
moved together. In this case the cutting mechanism did not
work and it was necessary to remove the foreign object from
the engagement of the scythes. It is significant that the
moving mechanism remained undamaged, and it was not necessary
to further protect the mechanism from cutter bar damage.

CONCLUSIONS

Development, cdnstructions, and production of the PK 700
functional model was carried out at the Department of Techni-
cal Subjects, Faculty of Education, Hradec Krdlove. The
results obtained in testing and in terrain show the working
ability and reability of the devi-e as well as the possibili-

Fy.of its application to agricultural practices in the future.
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THE COEFFICIENT OF SHEARING FRICTION OF WHEAT AT SHEAR
AGAINST WERKSTOFF "S" AND MURLUBRIC MATERIALS
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SUMMARY

The results of measuring of wheat shearing friction
coefficient at the shear on sliding plates, produced from
v2rkstoff "S" and Murlubric materials are introduced
together with the description of employed testing apparatus.
The shearing friction coefficient for the mhterials consisted
of: a steel plate, spruce wood, polypropylene, and plexiglass
are given for comparison.

Key words: tribometer, friction properties, coefficient
of shearing friction, wheat, Werkstoff "S", Murlubric

INTRODUCTION

With current construction and development of agricultural
machines one cannot avoid searching for new constructional
materials. Plastic materials belong to such materials. Their
application is conditioned not only by the laboratory testing
but also by working conditions in agricultural pratice. The
testing of constructional materials from the Murdfeldt Kunst-
stoffewith commerce specification Werkstoff "S" and Murlubric
started at the Department of Technical Subjects, Faculty of
Education, Hradec Krdlové, in the year 1990. It is the case
that materials based in plastics that have very good shearing
properties have no need of lubricant application. The materials
exgl in their high resistance to wear and at the same time
in their ability to decrease noise.

The testing was carried out in the research framework
of shearing traffic systems which were determined for after-
crop treatment of grains.

FIG.1: The detail of the working part of the tribometer
testing body - 2. sliding plate - 3. tensometric
sensor - 4. tensometric apparatus

4

FIG.2: Testing body - 1.
cylinder. - 5. pre
(loose material,

body of the cylinder - 2.pressure
ssure rosebit - 4. screw - S.grains
(. wliding plate - 7. weight




MATERIAL AND METHODS

Experimental apparatus - the tribometer /1/ was used for
testing, which allows feed movement of the testing body. The
tribometer is demonstrated in Fig.l. The force of friction
arising in the contact point of grains and sliding plate is
registered.with the tensometric sensor /2 /. The electric
signal from the tensometers connected into the Wheatstone
bridge is monitored with the tensometric apparatus M 1000(4).
The apparatus is completed with coordinate recorder BAK 4Tk.

The tribometer makgf possible the change of shearing
speed from O to 0.1 m.s “and the change in the load of the
testing body with grain material.

The grain material is fixed in testing body /3/, whose
diagram is given in Fig. 2.
i The coefficient of shearing friction can be calculated
from the relation

f = t (1)

where f = coefficient of shearing friction of the pair
material (1)
F.= loading of grain material (N)

F,= friction resistance (N)

CHARACTERICTICS OF MATERIALS

Loose material (grain)

Winter wheat from the storehouse in Dobfenice, district
of Hradec Krdlové, was used as testing material. The wheat
sample was taken directly from dumping from a transporter.
Wheat moisture was taken with the Feutron moisture-meter

o

before measuring and represented 14.1 %.

Grain sample loading was determined by the calculation
of the working condition of transport. Maximum value was
Fn: 0.15 N. .

Value of friction speed of the testing body was chosen
as V-0.1 m.s-1

5liding plates
Werkstoff "S" and Murlubric materials were obtained from
the firm Murtfeldt KUNSTSTOFFE.

These materials show excellent sliding properties with
negligible wear. They carn bear a rather large mechanial load
and are corrosion resistant. The firm delivers them for the
market in the shape of plates, rods, or other products done
according to the customer s detail drawing /4/. These
materials have been implemented in mechanical engineering
in our country, especially with regard to thz slide of the
steel parts on sliding lines, e.g., lines in chain tensioning,
sliding plates in food industry automats, etc.
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The sliding plates were produced in 350 mm x 170 mm x
10 mm dimensions.

The sliding properties of some Construgtion materials
used in the production of agricultural machines were compared
with the properties of Werkstoff "S" and Murlubrlc materials.
The following materials were chosen: unpolished steel plate
(R_= 3.6 ,um), polished steel plate (Ra= 1.8 m), spruce
wodd (10 % of moisture), plexiglass, pOlyprop }ene. The
dimensions of the sliding plates (length and w1dth? were
the same for each material, the only difference being in
thickness.

RESULTS

Statistically evaluated results of measured values from
testing are given in Tab. I. Werkstoff "S" shows the lowest
value of shearing friction coefficient from all the tested
materials used for sliding plates. No jerking motion appeared
in the movement of tested sample: on the contrary, movement
was smooth. The remaining sliding plates were placed, from
the point of the lowest value of the coefficient of shgarlng
friction, as folows: spruce wood (shearing on growth rings),
unpolished steel plate, polypropylene, polished steel plate,
and plexiglass.

CONCLUSIONS

The results obtained from the testing of Werkstoff "S"
and Murlubric sliding materials show the possibility_of the
application of those.materials in agricultural practice. The
most favourable property can be utilized effectively for
the transport and manipulation of agricultural material.
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THE INVESTIGATION OF LIQUID FERTILIZER DOSAGE DURING IRRIGATION

Djukié M. Nikola and Stankovié J. Lazar

Agricultural Faculty, Institute of agricultural technique in Novi Sad

SUMMARY

This paper anmalizes the modern precise dosing units of liquid fertili-
zers of various constructions. The piston dosing units prevail and then
the rotary and diaphragm dosing units designed in technically developed
countries of the world. For better understanding of dosing units operation
principles, their longitudinal sections are enclosed to this text, in par-
ticular of piston dosing units. Their basic technical data are given in
‘tables. There are four figures and three tables in the text.

Key words: dosing unit of liquid fertilizer, irrigation device.

INTRODUCTION

For fast growing and higher yield the plants are to be top dressed
several times during vegetation. The precise dosing units of various types
are designed for the correct dosing of very expensive liquid fertilizers
and fertilizers soluble in water. They can be divided into several groups .
The most common are the piston dosing units and then the rotary and dia-
phragm dosing units. Some dosing units use the energy of water for their
operation. Among them are known the dosing units such as: Dosatron, Promix,
TMB, Diluma, Pluidor and others. However, there are some dosing units
which use the electric energy for their operation such as: Dosapro, Lesaint,
Baggaley, Spid injector, Cetodil and others.

Due to the limited space only the most common dosing units in the
practice will be analized in this paper:

- piston dosing unit - Dosatron International
- rotary dosing unit - Promix
- diaphragm dosing unit - TMB (Israel)

PISTON DOSING UNIT - DOSATRON INTERNATTONAL

Fig.1 shows the longitudinal section of Dosatron dosing unit (France).
y the piston hydraulic motor,
lternatively connected to the
Water acts on four-way valve and
nr-loaded balance which, under

The volumetric piston pump (2) is driven b
the upper and lower surface of which are a
inlet and outlet of water under pressure.

piston. The valve is connected to the spri
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the water pressure, switches over by itself from one position into the

other, by means of two piston rod collars. Thus the hydraulic motor under
the liquid pressure achieves the alternate movement which corresponds to a) "Tkw

5 litre water flow. The pump for dosing of fertilizer, under water pressu- .

re, sucks and allows the required volume of solution to get into the out- g —_— 1
* let pipe (4). The concentration of solution, or percentagewise portion of L ig. .
solution, is regulated by the decrease or the increase of the active path = : ) Possible ways of Dosatron -
of the measuring valve by means of screw (7). 5 dosing unit installation: ‘
|
5 a-directly to spray boom I

b-to pipeline secondary branch |

1 and 6- main pipeline;
2 - valves;
3 - dosing unit;
4 - fertilizer tank; |
5 - dosing unit suction pipe
'f
Technical data on dosing unit
DOSATRON INTERNATIONAL (France) 1)2)3) TAB. 1
Achieved flow 20 m3/h; Max
pressure 3
Pressure loss 8,43 b. at 20 m3/h; Min. pressure 01?2bé'
,21 b. at 12 m3/h; Regulation of dosi / ;
. s . s O 200— 5
Eng}ne p}ston dia. 220 mm; Pump piston str'okeng ’ /2§éoﬁ$'
Snflne ?1stop stroke 540 mm; Weight of dosing unit 18 kg?
ater pipe dia. 51 mm; Fertilizer pipe dia. 19 mm;
1- without electric energy
Fig.1. Longitudinal section of dosing unit-Dosatron Intermational 2- dosing of all kinds of water solutions possible
i . . 3- the same company manufactures the dosing units
s tand movement, of hydraulic motor plston; b-downard of the following flows: 3m3/h, 6 m3/h and 8 m3/h

movement of piston; 1- engine piston; 2- pump piston; 3
and U- water and fertilizer inlet and outlet; 5- inlet of
fertilizer solution; 6- cylinder; 7- regulating screw;

8- by-pass ; 9- dosing unit housing

For the correct operation of the dosing unit, it is necessary to install
the strainer filter into the pipe through which the liquid is supplied. Also
in front of the dosing unit it is necessary to install the air bell, when
water impacts appear during the flow of the liquid. From time to time during
operation, the dosing unit is to be cleaned from the inner side from the
impurities and sedimented scale. The data on the dosing unit are shown in
table 1. Fig. 2 shows the possible ways of connecting the dosing unit to
the pipeline.
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ROTARY DOSING UNIT - PROMIX

Fig.3 shows the principle of operation of the rotary dosing unit -
Promix (France) and the table 2 shows the technical data.

o T

1-5m

-\

g

i
1

Fig.3 Scheme of operation of the rotary dosing unit Promix:

1- water supply; 2- filter; 3- pressure reducer;
4- pipe; 5 and 8- valves; 6- dosing unit;
7- fertilizer; 9 - to spray boom

Technical data on rotary dosing unit 1)2)3)1)

PROMIX (France) TAB.2
Min. water flow 30 1/h; Max. water flow 1500 1/h;
Min. pressure 1.b3 Max. water pressure 5 b;
Min. dosing 0,5-0,78%; Max. dosing 1-2 %;

Dosing unit dimensions: length 228 cm; height 190 cm; width 123 cm;

1- dosing is proportional to rotation;

2- water energy drives the dosing unit rotor

3- in addition to adding the fertilizer into water it also
serves for adding the other medicaments (vitamins) and
for disinfection; : )

4~ precision of dosing depends on flow and pressure variations

DIAPHRAGM DOSING UNIT - TMB (Israel)

TMB dosing unit of liquid fertilizer (or other fluids) with diaphragm
enables the flow of 70 m®/h, what classifies it among the large dosing
units. It is equipped with diaphragm pump. The concentration of fertilizer
in water may be controlled, if required (Fig.4). The dosing unit is driven
by the energy of water which passes through the pipeline of the irrigation
device and partly through the dosing unit distributor (5) and three-way
valve (7). The principle of operation of the dosing unit with diaphragm is
shown in Fig.4. The technical data are shown in table 3

It should be pointed out that. in our country are used the fertilizing
devices with less precise dosing, mostly in two ways:

95

- by connecting the pipes with fertilizer to pump suction pipeline
- by connecting the pipes with fertilizer to pump discharge pipeline

For the application of larger quantities (or dosages) of fertilizer
by means of the irrigation device it is necessary to use the special tables
where the agrotechnical requirements regarding the concentration of fertili-
zer in relation to the type of crops and quality of soil are correctly in-
dicated.

Technical data on dosing unit - TMB (Israel) TAB. 3

Type Flow of Water Dimension of Weight
injection pressure connection (kg)

(1/h) (b) (mm)

WP-10 3-50 1,4-7 13 3,5

WP-60 15-250 1,8-8 19-13 11

WP-150 50-600 2-7 19 24

DP-300 100-1200 2-7 19 23

Fig.4. Proportional dosing unit of fertilizer with diaphragm
pump. Producer TMB (Israel):

1-valve; 2-filter; 3-valve; U-dosing unit; 5 and 6 -
suction and discharge valve; 7-water supply; 8 and 9-
suction and discharge pipe; 10-fertilizer solution;
11-waste water; 12-irrigation pipeline

CONCLUSION

For applying the fertilizer simultaneously with irrigation it is ap-
propriate to use the precise fertilizer dosing units, thus fulfilling the
agrotechnical requirements regarding the concentration of fertilizer per
measuring unit of surface. For the same purpose our companies started with
the serial production of precise dosing units, in particular the piston
dosing units.
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WARMERESTANDIGKEIT DER MELKKUHSTALLEN
0. DURKOVIC

Landwirtschafliche Universitat. 165321 Fraha 6, Tschechoslovakei
In the present practice of designers, who are interested
in calculation and designing of heating and ventilation
systems for animal breading objekts, the charakteristics
of individual circuit constructions from the view of non-—
constante thermal transmission have been already taken in-
to cosideration. The autor's aim was to complete the cal-
culation methods about aplication which takes into account
a stable as a collection of circuit comstructions inclusi-
ve the biologic load and it's termoregulation. These pro—
cedures were verified after that with a calculation of an

actual objekt and thev were compared with the measured va-
lues.

thermal stability for dairy cows; thermal absorptions
fluctuatin of temperatures and heat flow

1. EINFUHRUNG

Bei einigen Objekten der Tierproduktion,
Einstalluna von den jungen Tieren, wird der Einflug der AuBen-
lufttemperaturschwankung mit der Heizung ausgeglichen. BRei den
erwachsenen Tieren wird es meistens nicht beheizt uny die
warmetechnische Eigenschaften der Umfangkonstruktionen missen
so  konstruiert werden, damit auch bei der AuBentemperatur—
schwankung die entsprechende Stallufttemperatur, Temperatur der
Umfangskonstruktionsaberfléchen und  auch der Amplitudenschwan-—
kungswert bei dieser Temperaturen gesiechert wird.

besonders bei der

In der bisherigen Fraxis der Projektanten ist mit der Hei-
Zung und Ldftung in den Objekten fir Tierproduktion nur aus
Sicht der Temperaturschankungen, nur mit einzelnen Umfangskon—
struktionen gerechnet worden. Das Ziel dieser Arbeit /1/ ist,
die Ausrechnungsmethoden vorzuschlagen, die mit dem Stall als

mit dem Komplex der Umfangskonstrukticnen, Lidftung und mit der
biologischen Warmebelastung erwdgen.

2.. GEWAHLTE METHODE DER _VERARREITUNG

Der Grund fir die Losung dieser Aufgabe wurde die Ver-




i ichtstationdren
arbeitung der themretlschen. Bezlehun?ez der .nlc LAt Lonaren
;;Eﬁéﬂbertragunq aus der Lateratur./;i-/. d?LeszrﬁggliChen o«

; noch mit den E iehungen erggnﬂt, .e = 1_ e
?u;di:afurqfand des Stalles inklusive des E}nzlaises iud
RE E;empvraturwelleq, Lﬁftungg;nflusse? hunghprm;:EQUIBtiDn =
Warmeausgabeanderung beil den Tieren durc = -
verfolagen.

lie ausgewidhlte Methode der Tempgratsr;uge;igzhazqgc:ezig
Anderungen im Zusammenhang mit der ZELE;IS?lgauf S e whie
nicht stationdre Warme-
belastung durch Ein—
schichtmauver demonstri-
ert ist.

Die Temperatur— .
und  Warmeflulwerte, d%e
nach der Methode stati-

onaren Wirmebelastung
sind als "mittel" beze—
ichnet

(z.B.: tv,sel,
tr st , Ozed UsW. ). l;liE
Amplituden der harmunls—
chen Warmeschwankung in
der Komplexaulerung wur-—
den als @ und die Ampli-
tuden der Warmefllassen
als O bezeichnet. Die Gesamtlufttemperatur: z.B. in dem Stall,
kann man mit folgender Gleichung ausdrucken:

T f
By = sef + Oy cos ( 360 ——— - P
tv = tv.ztF * Oy = tv,ztr v -

. - ; ” -

Iliese Gleichung gibt uns nicht nur die Ubersicht Ub9532§2f§3q—

éhfhiiéhpn Wert der gesuchten Temperatur Foder :e?gten Inte;-
es 57 \ & (i ¥ i Zeitverlauf im verfo 2
25), sondern auch Gber ihrem T .

3:? To ( Y bedeutet Fhasenvorschub der Amplitude @v )

Die resultierende Amplitudenwérmeschwankqngsws;te %Qﬁsiz_
timmten Zeitauwgenblick wurdgp durch QEm’ Radlusveznnrt. wube;
oder éit der Komplexnummer © = a + pl /¥/  ausgedrickt,
die zweite Alternative vorteilhafter ist.

Z. EXFPERIMENTALMESSUNG

lie Benutzungseignung der vorgeschlagenen Agsre$2;ﬁzg§$§::
‘ i achlichen BRedinungen es 2
hoden wurde mit den tatséac : s Temperatur-
i = i K dllen bewiesen. Der erst
standes bei den zwei Kuhsté : 4 hatte ein
iti k aus den Vollziegeln un
traditionelles Auflenmauerwer ; 5
te hate gleich dickes Mauerwerk aus dem Keramzitobeton

i i < dllen wurden far die Aus-
n beiden verfolgten Kuhsta
ertuizljgeﬁ Tage mit der gréfiten AucenlufttemperatufseskuTguig
gem PDﬁtrollierfem Zeitraum ausgewéhlt.t EsdwurSe?agzzyoi;truy#
\ : achentemperatur der Um 3 g
der Aufen— und Innenoberflac p netruk”
Temperaturverlau wu
tionen gemessen. Der abgemesseng Lroe nit
i ten Temperaturverlauf verg
dem theoretisch ausgerechne ik il
3 i Ausrechnungen wurde der
Auf Grund der theoretischen I
& i lufttemperatur, der e
tatsdchlich gemessenen Auflen - . i
(i der Mitteltemperatur u
sgedrickt wurde als Gesamtbetrag A ¢ 4
:giﬁonischen Schwankungen im Laufe des verfolgten Zeitraumes

Die ausgerechneten Temperaturdurchliufe
mental abgemessenen Werten vergleichen.
nung ist es nodtig den normierten Aufenluf
seine Schwankamplituden Zu nehmen.

wurden mit den experi-
Als Grund der Ausrech-
ttemperaturverlauf und

4. BEISPIEL DER AUSNUTZUNG LES AUSRECHNUNGSFROZESSES

Der vorgeschlagene Ausrechnungsprozef wurde weiter flir die

Festlegung der Dicke der "Ersatzmauer" aus dem leichten Rauma-
terial bei dem Kuhstall KO - 108 angewendet. Fiir den Vergleich
wurden auch die Ausrechnungsmethoden durchgefiihrt und zvar nach
der Normemethode (die mit der unstationdren Wérmebelastung nur

bei einzelnen Konstruktionen rechnet) und auch nach der dlteren
Methode der stationdren Warmeleitung.

5. ERGEENISSE

In der Arbeit wurde der Komplex
nungsmethoden der unstationdren Warmebelastung und ihre Lésung
durch die Methode der Komplexziffern durchgefiihrt. Es wurden

die Heziehungen fir die Ausrechnung der einzelnen Gréfen fest-

gelegt und wurde ihre Aplikation fur die Ausrechnung des Stall-
objektes durchgefihrt.

der bestehenden Ausrech-

Es wurde weiter die Gleichung flr die Ausrechnung des Kpe—
fizientes der Stallwérmebestindigkeit deduziert. [Diese Glei-
chung erwidgt mit dem Einfluf der

Stalltaftung, mit der Wérme—
ausgabeschwankung der Tieren und mit dem Stall als Garnitur al-
ler Umfankonstruktionen. Der Fkoeffizient der Stallwérmebestin—
digkeit ergibt die Warmemenge, die fur die Temperaturstalluft-
énderurig nétig ist. Der Ausrechnungsprozef wurde durch Experi-—
mentalmessung in 2 cbjekten (berprift. Die MeBungergebnife ha--
ben gezeigt, daB der vGrgeschlagene Frozef fir von dem tatsidch-
lichen Temperaturstand in den verfolgten Stallen genug prazics
ist.

Auf dem

Beispiel der Ausrechnung
mauer"

wurde der Vorteil der vaorgeschlag
de fur die Praxis nachgewiesen,
hebliche

der Dicke der "Ersat=z-
enen Ausrechnungsmetho-
in diesem Falle durch eine er-
Volumensparung des keramzitobetons.

Die PRenitzung der
erméglicht gleichfalls die
Leistung der Laftungs- ev.

vorgeschlagenen Ausrechnungsmethode
genauvere Festlegung der erwinschten
Heizungsgerate in den Stall- und an-
deren Objekten aus den leichten Baumaterialen mit Ricksicht auf
die Aueenlufttemperaturschwankungen unter den
und mit Ricksicht auf den lLuftaustausch und

tion der Tiere.

Ninterbedingungen
die Thermoregula-—

Es ist noétig, die Ausrechnungsmethoden der
Wiarmebelastung, besonders im
&us den leichten Umfangkonstru
raum zu aplizieren, was
meinflisse von

unstationdren
Zusamenhang mit den Stdllenaufhau
ktionen auch auf den Sonnenzeit—
genauer als bisher auch die Warmestro--
den Sonnenstrahlen nachzurechnen ermoglicht.
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DIAGNOSTIC CHECK-UP OF THE HYDRAULIC CIRCUIT SERVOCONTROL
MECHANISM OF TRACTORS
Z., FLEISCHMAN

University of Agriculture, 165 21 Prague 6, Czechoslovakia

i this contribution is a methodical check-up
Egetﬁzmtgﬁhnical state of the servocontrol mechgnésm _
and its hydravlic circuit tractors. In case of et_pir
formance servocontrol booster the safety of operatlo
is decereased end higher demands are set on operator.
Out of the main groups in the circuit 1t 1s neeos;a{g
to check the hydrogenerator and the entire bodyfo e
servocontirol booster, Because poth groups are o cgm—
bersome accessibility, their direct access 1is boun
with a series of elemental dismantling, therefore 3.
check-up without dismantling is proposed. In cased_laf—
nosis of failure repair have to be done, In case %ag
nosis of failure-free state it is necessary to performe
the repair of servocontrol booster.

tractor; technical diagnostic; hydraulic circuit; hydro-
generator; servocontrol booster

1. INTRODUCTION

i the investigation of the selectﬁd'tracyors Zetor
8011 ggiiggmed adequatlg undgr fgrming conditions 1t gaﬁAdis-
coverad that the hydraulic circuits present the secon h;g "
hest failured component. There are proposed'for the tei‘ ncgn
diagnostics of the hydraulic systemsunlts with orlin a_ig i
their reliability characteristics. The article de? shw1t th
hydraulic circuits of the ge?vocoptrol steering of t el ga -
tor Zetor of the second unified lines w1?h tbe original 00
ter, In the connection with this hydraulic circuits ex1§t _
very important questions = operation safety and the work con
ditions for the tenders.

2. HYDRAULIC CIRCUIT

The hydraulic mechanism of servocontrolis placed in one

block with steering gear, under the radiator on the tractor
front axle bracket., The independent hydraulic circuit of ser-
vocontrol consist of gear ZC-16 T hydrogenerator, oil tank
with coarse sieve, low-pressure gause filter and connecting
pipeline. Qil is supplied by the hydrogenerator with the per-
formance of 20 1 per min at the engine rated speed. The hydro=
generator is placed in the middle box on the right side and is
actuated by the gear drive of the power take-off shaft at the
speed of 1000 rpm. The drive cannot be disengaged, At the en-
gine rated speed of 2200 rpm the hydrogenerator speed is

1870 rpm,

The oil tank of servocontrol circuit is placed on the
right side of the engine, its volume is 7 1, In the tank bot-
tom there is a drain plug with magnetic packing., In the upper
part of tank there is a filler with vent plug and filling sie=-
ve with an o0il gauge. In the upper part of tank there is also
a safety valve. The low-pressure gauze filter is fitted to the

front wall of oil tank. Hydraulic circuit is presented in Fig.l.

3. REASONS FOR THE APPLICATION OF THE DISMANTLING-FREE
DIAGNOSTICS

The both main units of the circuits - the hydrogenerator
and the booster body are not easy available., The hydrogenera-
tor, as above mentioned, is placed in the middle box of the
tractor, the booster body is placed under the radiator on the
fore axle holder., If we want practice the direct check-up of
the servocontrol steering, it would be necessary perform the
folowing dismantling (and after checking-up assembling again)
operations: .

- dismantle the hood, weights, radiator and air filter,

= disconnect the tranverse steering rod, take the knuckles
out of the steering arm,

~ dismantle the left side girder of the toolbar,
disengage the steering shaft,

-~ from the servocontrol system diconnect the overflow piping,
discharge piping and hydrogenerator piping; then disconnect
the piping from the low-pressure gauze filter and from the
oil tank,

= take off the clip and piping on the right side of the front
bracket,

- dismantle the servocontrol mechanism from the axle bracket,
1ift it up by levers, disengage from the centring tubes and
teke it out.

Provided the servocontrcl was found trouble-free during
the workshop check-up, its assembling is performed anc it is
necessary tc check-up the hydrogenerator., If we were forced
to check-up again the function directly, fcllowing operations
would be necessary:
= screw off the drain plug and discharge oil from the hydrau=-
lic circuit,

- disconnect the suction piping anc pump piping from the hydro-
generator and oil tank,

= screw off the vent plug from the middle box,

= through a hole in the middle box screw off two bolts fixing
the hydrogenerator,

- unfix the hydrogenerator from groowing and take it out of
the hole in the middle box.,

As the both procedures are laborious, time-consuming and
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1 tank, 2 hydrogenerator, 3 s

- nism of tractors
4 0il filter, 5 distributor,

1, Diagram of the hydrsulic circuit servocontrol mecha-

afety and contrel valve,
6 booster piston
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need a skilled repair worker, dismantling~free check-up of the
technical state and function of hydrogenerator is being desig=
ned. The decrease of the risk of fouling and errors connected
with the assembling is its further advantage,

Provided a failure or a deterioration of the technical
state of the hydrogenerator have been detected, there is no
more need to perform a number of operations reiated to the di-
rect check-up of the proper booster bedy. These should be per=
formed only in case the hydrogenerator was found in s good tech-
nical state and fulfiling its function,

4. DISMANTLING=-FREE CHECK-UP OF THE TECENICAL STATE
OF HYDROGENERATOR

Performance, or loss of performance due to the wear of
functional surfaces, can be chosen as a parametr of the techni-
cal state of hydrogenerator. Therefore this can be a parametr
of gradually increasing wear, and also of potential failure., On
the basis of an estimate of the hydrogenerator life prior to
the use of tracrors it can be decided if the hydrogenerator
will be left in the tractor or if it will be renowed - repla-
ced or repesired. The worse parameter of the technical state of
hydrogenerator can also signalize in time that it is necessary
to provide for a spare part or whole assembly., That means it
is possible to apply preventive diagnostics, and also subsequent
diagnostics in the ease of failure occurrence,

At present, the agricultural enterprises do not possess
any devices for the check-up of the hydrogenerator technical
State; this is the reason why a simple end reliable device has
been designed and tested which will fully suit for the purpo-
Sses of technical disgnosties. The design and function of this
device in the corse of check-up of the servocontrol booster
cen be seen in Fig, 2,

The designed device ias attached to tested hydrogenerator
2 with safety valve 3 through reduction components with quick
couplers, The measuring device consist of pressure gauge %5
throttle valve 6, control thermometer 7 and hydraulic engine 9
with oil filter éé Revolution counter 11, controlled by button
12 by means of switch clock 13, is sttached to the hydraulic
engine through switch 10, :

It can be seen in Fig, 2 that in the delivery line there
is a control valve and pressure gauge; the pressure gauge which
is not available in the home market, i1s replaced by a hydrau=-
lic engine., The hydrogenerator penformance at the given nomi-
nal liquid pressure can be determined from the equation

P=p.Q

where: P,,.hydrogenerator performance W/
Peeonominal 1iquid pressure /Pa/, 3 -1
Q..oVolume discharge per unit time/m-. 8™/,

The increasing untightness of piping brings about in the
course of machine operation a partial loss of performance; the
value of performance loss is a parametr of the hydrogenerator
technical state. The measured performance of hydrogenerator P
represents the value of performance reduced by the bypsss loss
in the hydrogenerator. This loes means the sought-for signal
AP, The loss is determined by-a difference between the theore=
tical performence ( given by the theoretical parameters of hyd=
rogenerator) and the actual performance at the nominal pressu=
re which can be set up by a throttle valve, In the course of




servocontrol
booster

measuring

| device

2. A dismantlement-frce check-up of the technical state of the hydrogenerator of the
hydraulic circuit of the scrvocontrol booster in the tractor ) : ) )
| 1 tank, 2 hydrogenerator, 3 safety and control valve, 4 gurck coul.)lex in the mserte‘d
component, 5 pressure gauge, 6 throttle valve, 7 lhen-nomctc?, 8 oil filter, 9‘hy§lraul|c
engine, 10 switch, 11 revolution counter, 12 push button, 13 switch clock, 14 distributor,
| 15 booster piston, 16 steering connecting rod, 17 steering wheel

measurements it is supposed that with the open throttle val-
ve the liquid volume Q, supplied per unit time equals the

theoretical volume, Th& searched-for diagnostic signal can be
obtained from two measurements and is defined by the equation

AP = p.( Q = Q)
where: AP.,.performance losge in the hydrogenerator /W/,
Peconominal 1liquid pressure, specified by the mamifac~
turer and set up by a throttle valve /Pa/,
Qt.o.volume discharge of liquid per unit time, the
throttle valve is fully open and the back pressu=

re equals zero /m°> , s~1/

»
Qesovolume discharge of liquid per unit time, with the
set up pressure p.

5. CONCLUSION

Proposed method is quick and simple, It saves time as a
number of dismantling and assembling operations connected with
the check-up of the hydrogenerator or the proper booster body
can be excluded, Dismantling-free process avoids fouling of hy-

draulic circuit. Accuracy of measurement fully comply with res-
pective aim,
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HARVESTING AND PROCESSING SYSTEMS FOR UNCONVENTIONAL
UTILIZATION OF STRAW

A. FERRERO - S. POTECCHI

National Research Council, 10135 Tgrino, Italy
Institute for Agricultural Mechanization

Five systems for harvesting barley, wh'eat and rice. straw have.been studxled
employing standard and round balers. Fleld.and stationary wafenng wered? o)
experimented using straw added with b1nd§rs and treatcgi with so 1un5
hydroxide solution. The storage and conservation of conventional and roun:

bales in the open and under shelter were compared. The round bales proved to
be stored in the open without excessive losses, but t_hey were.u'nsultab]e ’for
medium-distance transport. The wafering required b'mder addition an.d high
energy consumption, but the increased bulk density made long-distance

transport interesting.

Straw, harvesting systems, working capacity, energy needs, baling, wafering,
conservation.

1. INTRODUCTION AND PURPOSES

The straw of barley, wheat and rice - the more widespr@ad cerea.ls - is being
harvested less and less and, due to ecologic restrictions on field burr_nng, in some
countries it is becoming a cumbersome crop residue. The §traw's bulk.mess and low
energy density limit its use out of the. farm. However this important b](?mass’, yearlc}il
reproducible, allows several uses in industry or as a source of energy; havmg’ an
energy content of 16-18 MJ/kgDM, it can sup.ply 1.—1.3 TEP/ha. Spll incorporation
of straw, the more common use, is expensive since, in order to achieve good results,
the straw should be chopped, that requires additional power from 10 kW up to 35
kW. Chemical treatments considerably increase the digestibility of straw, which can
so be employed effectively for livestock feeding /1/. )

On the other hand, the increasing availability of mechanical power, often not fully
utilized, in even medium-sized farms and the development of hay and f_orage
harvesting machines, make straw removal from the field easier. Seyeral studies on
the alternative use of straw indicate that the factors of prime importance are
collection, transport and storage methods, preparation of the straw into the best

physical form or package for its end use, and above all the yearly stable supply /2,
3/. This involves transporting at least over 40 km.

The Institute for Agricultural Mechanization has conducted a multi-year
research on the more common methods and equipment for straw collection and
storage in ltaly, also experimenting new techniques; with the purpose of developing
operationally efficient and cost-effective systems feasible in different farm realities
and to improve possibilities of alternative uses to the conventional ones for the
SITaw,

2. MATERIALS AND METHODS

The more common systems in medium-sized farms, where harvesting
machinery is employed both with hay and straw were surveyed. Barley and wheat
straw harvesting starts in mid June, while for rice straw begins in mid September
and often lasts until the end of October, in unfavourable weather conditions.

For five years the following systems were tested for functional and power
measurements:

1 - Swandard baler, pick-up bale loader on the trailer and manual stacking, storage
in the bamn

2 - Standard baler, self-loading trailer and single bale unloading (2a) or stack bale
unloading (2b)

3 - Round baler, tractor with front mounted fork loader and four flat-bed trailers

4 - Round baler, self-loading-unloading trailer stacking four round bales together
under shelter

§ - Wafering machine: field wafering with self-propelled cuber (5a) or stationary
wafering at farm (5b).

For baling, a 59 kW tractor and a round baler with fixed section chamber were
employed. For wafering, two commercial cubers were used with fixed ring and
radial extrusion, one towed (93 kW engine) and one self-propelled (133 kW).
Wafering in the field - with barley and wheat straw only - was carried out spraying
the swaths with water or with a solution of sodium hydroxide (40 kg/tDM). In the
stationary wafering of the three straws also ligninsulphonate as binder (20 kg/tDM)
was tested. Wafering was experimented because it makes it possible to obtain
packages of uncomminute straw with high bulk density and physical characteristics
suitable for mechanical handling and transport. The fibrous structure of the stalks is
maintained and it is possible to supplement or chemically treat the straw increasing
the value of the wafers. Treatment with sodium hydroxide (NaOH) solution was used
since previous tests /4, 5/ had showed that the alkali, by altering the lignicellulose
structure of the fibres, improves cubability and increases digestibility of the straw.

Lastly, different storage and conservation methods were examined. This is of
prime importance for rice straw which is sometimes collected with high levels of
moisture, unevenly distributed along the swath.

A few days (4-9) after combine-harvesting, depending on the weather and
operating conditions, 40 conventional bales and 16 round bales were collected and
differently stored. During a 40-days period of exposure in the field, samples were
taken several times from some straw swaths to determine the dry matter (DM),
chemical composition and energy content, using a calorimetric bomb.

The conventional bales were stacked under shelter in five layers or in the open
(not those of rice straw) covered with a plastic sheet. The round bales were stored:
partly in the open on concrete and the others under shelter, in two overlying tiers,




laid with their horizontal axis. After two months, the round bales were rcw‘englhfut:l.
Samples were taken from two vertical sections .and the bales were opened :lﬁ sepdrdhe
the rotted or moulded straw. From the conv;nnonal pules, samples were taken in the
peripheral layer and in the centre to determine chemical composition and energy.
The wafers were stored in 200 kg heaps under shelter and representative
samples were taken at production and after 60 dfiy storage in 'orfier to c::rry ?u:jthg
previous analyses and to determine some physical characteristics by the standar

methods /6, 7/.
3. RESULTS AND DI ION

straw kept in swath even for 40 days did not worsen much in quality and
the loz‘:ees bc:tr‘dgrossl::nergy were contained in the order of 4% for wheat and 10% for
i i : 1 . . . .
e (glfring the baling stage the round baler system showed higher productivity than
those with the standard baler, working with wheat and barley strav{, WhII.C there
were no large differences with rice straw (Tablg 1). When a sclf;loa(.hng.traller 2)
was employed, it was possible to increase at _bahng - by up to 30% \y!lh rice straw -
the density of conventional bales making this system more competitive, but it was
decidedly lacking during loading and moving from the field, e§p601ally for rice
where an extra worker was needed to align the bales before loading. The workgng
chain with self-loading and unloading bales in stacks .(2_b) rpvealed a high working
capacity for transport and storage, though pr(_)ducuw‘ty in the latter stage was
lowered by the labor needed to cover the stack.wnh plastic. ) ) i
The systems with round baler showed higher work!ng capacity during ba ing,
roadsiding and stacking, but there was no relevant difference for transporting,

Table 1 - Working capacity of different stages and total energy needs of five
systems for harvest, transport and storage of barley (B), wheat (W) and
rice (R) straw

STANDARD BALER

ROUND BALER WAFERING
MACHINE

Systems Trailer + If loading trailer  Front Self
Straw  pick-up single stack mounted  loading-
loader bale bale fork  unloading
Stages unloading unloading loader + trailer
and energy needs trailers
1 2a 2b 4 Sa
B 3.92 4.02 3.96 4.68 4.68 2.02
Baling w 3.88 3.98 392 4.56 4.56 1.98
(tDM/h*) R 3.83 3.96 -- 4.01 4.01 -
B 1.23 3.95 402 725 7.58 12.80
Loading-roadsiding w 1.28 4.02 4.08 7.31 7.50 12.28
(tDM/h*) R 1.19 3.63 -- 7.03 720 --
B 8.88 8.95 8.88 8.62 8.08 15.40
Transport** w 8.93 9.04 8.92 8.58 8.22 14.30
(tDM/h*) R 8.72 8.38 - 8.26 8.05 --

- B 1.54 3.10 7.36 10.30 12.72 14.78
Unloading-stacking w 1.58 3.06 7.28 10.45 12.89 14.20
(tDM/h*) R 1.48 3.02 - 10.32 12.61 -~

B . 82 93 89 113 104 504
Total energy needs w 83 92 90 112 104 516
(MJ/DM) R 86 97 - 115 108 --
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Fig. 1 - Changes in moisture and energy content of wheat (W) and rice (R) straw

left on swath for forty days after grain harvest

*  man-hour
** time for 0.5 km transport distance from field to stacking site

especially for rice straw. Total productivity of the system employing the front
mounted fork loader (3) was limited by the need for a second operator with a
tractor of at least 50-55 kW for loading and roadsiding.

The field cuber (5a) gave its higher working capacity (2.0 tDM/h) for the
wafering of wheat straw NaOH treated, decidedly lower than the values referred in
literature, /8/, and the wafers characteristics were worse than those obtained with
stationary wafering. On the other hand, this system had the highest productivity for
transport and storage.

Stationary wafering (5h) showed a limited working capacity (1.6-2.3 tDM/h),
especially with rice straw, and the energy nced for packaging (420-480 MI/tDM)
was clearly higher than for the other machines. The addition of binders and above
all the treatment with NaOH improved the quality of the wafers and increased the
working capacity, particularly with rice straw. Wafers were obtained with 2 bulk
density of 240-360 kgDM/m3 and having a durability suitable for mechanical
handling (Table 2).

Dry matter losses were negligible for wheat and barley straws in conventional
bales under shelter and approximately 5% of initial dry matter content in those
stored in the open.
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Table 2 - Effect of additives and sodium hydroxide treatment on the working
capacity of the machine and on the physical characteristics of the wafers
in stationary wafering - Sb - of barley (B), wheat (W) and rice (R)

straw

WAFER

Additives Working Whole . » Bulk -
and Straw ’ © wafer Density denst Durability
treatment producl capacity content ensxty
(tDM/h) % (kgDM/m3) (kgDM/m3) %

B 1.72 4522 821 48 7165
Water w 1.68 43.10 832 243 69.50
(60 1/1DM) R 1.61 48.70 818 272 72.30
B 1.92 68.12 902 330 78.50
Ligninsulphonate w 1.89 61.20 882 318 74.30
(20 kg/tDM) R 1.78 70.25 864 306 83.55
B 2.28 75.18 911 361 90.12
Sodium hydroxide w 2.15 73.40 903 352 83.48
(40 kg/tDM) R 2.02 78.40 882 358 - 86.18

The round bales stored outdoors gave losses of 7-8% DM, caused by rotting
and mouldings concentrated in the ground contact points and at the twines. Heavier
losses were found in rice straw round bales stored in the open, 24% of the initial dry
matter, and 15% DM in those under shelter /9/.

For all three wafered straws, the losses of dry matter were negligible, and the
quantity of whole wafers after storage markedly increased by treatment with NaOH.
Interesting results were obtained with rice straw which showed the best waferability.
The wafered straws did not reveal changes in chemical composition or reductions in
the energy content, moreover, due to the higher bulk density, at the end of the

storage period they revealed the greater energy concentration; the highest values -

6542 MJ/m3 were obtained with barley straw, while the lowest ones were given by
round bales of rice straw stored in the open (Table 3).

4. CONCLUSIONS

The systems for harvesting straw are very much linked to the farm structure,
work organization and local weather conditions.

Under average weather conditions, the straw left in swath, even for a month
(two weeks for rice), does not sensibly worsen its chemical composition and energy
content. This and the use of round balers which enable the separation of baling from
ficld moving allow a better use of farm labor and machines, thereby extending the
collection period to recover a higher amount of straw, thus reducing unit costs. The
productivity of the systems with standard baler is still competitive during baling,
especially in the rice field, where a high incidence of down times occurs using the
round baler.

Round bale storage in the open does not involve large losses for wheat and
barley straw, they are slightly higher for rice straw but appear to'be mostly due to

T

Table 3 - Density, energy volume density and storage volume, after conservation, of
barley (B), wheat (W) and rice (R) straw differently packaged and stored
in the open (OP) or under shelter (SH)

) BALES
Physical characteristics ~ Straw WAFERS
Conventional Round Added* Treated**
OoP SH [0) SH
' B 0.094 0.096 0.092 0.095 0.330 0.361
Density ; w 0.096 0.099 0.095 0.098 0318 0352
(tDM/m3) R - 0.095 0.086 0.091 0.306 0.358
B 1710 1776 1660 1743 6138 6542
Energ;; volume density w 1732 1810 1711 1783 5883 6388
(MJ/m?) R - 1510 1307 1419 4937 5710
S B 11.70 11.45 12.82 12.35 3.65 3.28
torage volume w 11.45 11.27 12:53 12.4 35
A4 . ! .40 3.78 352
(m3/DM) R -- 1147 13.95 13.10 398 . 3.48

§ sk 15 N S s
with ligninsulphonate ** with sodium hydroxide

the uneven moisture content at baling rather than to the weather. The result is that
round bales allow to store the product, even for several months,with limited costs

~ On the other hand, they are not very suitable for transport even over mediﬁm
distances (40-50 km), whereas straw wafers, with a bulk density 2.5-3 times higher
allow' to get full_ carrying capacity of trailers. Nevertheless, the iowvwofiins;
capacity of wafering machines and the high energy needs restr,ict at present their
use. Eur[her improvements to the commercial machines tested together wi\th a’wider
10ca§10n over the territory of straw utilization plants, w‘ouigj make it possible t
obtain a cost-effective alternative to present use of this by-product e
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AGRICULTURE INFORMATION SYSTEM

FURMAN' - T. BABIG! - Lijiljana. BABIC - M.

' University in Novi Sad - Faculty of Agriculture - Institute for Agricultural Engineering, 21000 Novi
Sad, D. Obradovi¢a No. 8, Yugoslavia

In this paper some aspects of establishing the information system in agriculture have been
considered. The task and structure of information system, with a special stress to the role of
simulation methods in planning process and production control, have been analyzed. A term
permanent planning, has been introduced as the prerequisite to the qualitative production
control and the role of a computer in this process. The perspective of the information system
in agriculture, and the role of personal computers in it, is presented at the end.

Key words: information system, personal computer (PC), permanent planning, agricultural
production, simulation planning.

1. INTRODUCTION

The agricultural production represents a complex technological - technical system. A special
unfavorableness is its connection to the meteorological conditions, as well as, to the production
discontinuity which is connected to the inevitability of work in an open space with plant or animal
kinds, which have complex requirements in breeding.

There is a great number of participants in a production process which carry the technological
operations applying different technical systems - machines, with the requirement of a strict respect
of different weather terms. As there is, without doubt, the functional connection between some
influential factors which reflect the final financial effect, it is necessary to follow intensively the
technological cycle /4/. In order to meet these requirements there is a great number of information
which ought to be classified and evaluated. The moment the number of these information is in-
creased to such an extend, that it is impossible to master them in an adequate way, appears the
need for the introduction of automatic data processing, i.e. computer. Having in mind that the
agricultural production is a complex technological - technical system, it is quite natural that it
represents the unique information system at the same time.

2. TASK OF THE INFORMATION SYSTEM

Since the task of any production is to create the surplus of values or profit, the agricultural
production must aim to meet this requirement. Due to its specificity the agricuI’turaI production
rr.lay have some other criteria for the evaluation of its success. However, the need for further inten
.swe following remains, and that is one of an important task of the inforn’wation system. By proci .
llng the relevant number of information the application of simulation methods in plan‘niny ’ rofss*
is aPplied, what represents the second important task of the information system. By cor?ezt inz)srs
::not:\ :aluatio?, we achieve the possibility of production control with previousiy set up parame:
- tsr,le icr:fo :;g:;:r:nsgy ::r:atenal and financial effects, what represents the third important element

The three mentioned tasks of the inf i
. ormation system are not the only ones, but the
the basis of the successful business. ’ Y yrepresen

3. STRUCTURE OF THE AGRICULTURAL INFORMATION SYSTEM

The structure of i i i ‘
the information system follows the structure of information flow from the point

of appearance to the point of i i i i
processing. The information distribution must
user’s requirements. o be saspted to the

[ PRobuCTION PLANNING |—

!
INFORMATION SYSTEM ‘l

~—
| o | -
e
m CONSUMPTION
SZ = MATERIAL

V
—
____ T
/ [ PRoDUCT }
- STOREHOUSE O

FACILITY

WORK CONSUHMP .

PRODUCTION CONTROL

L

Fig.1. BASIC STRUCTURE OF AGRICULTURAL INFORMATION SYSTEM

o l\;/;)si::clessary to stre.ss separately thg importance of providing the qualitative slarting informa-
pon v ’ m. caselof agr{cultural .producnon. greatly depends on the information supplier /2, 1n
o thiz grovgje Ihls., the |nvformat|on.supplier has. to be motivated to give the correct wth(vrrn;rlorw
: an 'e achieved if we provide the starting information to be processed on the spet of
input, up to this level which will enable the primary processing and ; e
mation supplier. Such a system must have mod

recurrent’ transfer to the infor
ularity so that information input in the information




system should be maximally approached to the information source. In this way the time of recur-
rent influence is shortened and the regulation role of an information system is enabled. The logic of
information processing on a spot of event, with the aim of processing results approach to the
user himself directly on a spot of processing, is énabled by the use of PC.

4. PLANNING BY SIMULATION METHOD

The production planing in agricuiture represents the basis for successful business. Having in
mind that the planning procedure in agriculture has a technological biological importance also, we
have to pay a special attention to it. In present practice this kind of planning is represented by the
application of graphoanalytical methods which require extremely long time and patience of an
expert team work from different fields. In such circumstances this planning had an extremely static
character requiring, in the best case, two variants to be established. All disturbances during the
plan realization are registered without the possibility to evaluate the changes in the continuation
of plan realization. There is no possibility of making new variants in such circumstances, taking into
account the production dynamic, so that we are mainly satisfied with the estimation of realization
continuation.

The complexity of planning process s illustrated in the continuation of this work on the exam-
ple of farming production where a number of segments of technological cycles appear, the ones
that have very defined reciprocal relations.

realization, As the example of such a program package we can take the program package TTPP
(TTAP), (TECHNOLOGY - TECHNIQUE - AGRICULTURE - PLANNING). This program package
enables us to meet these requirements by forming a great number of technological cards which
are made in variants describing the work technology. The variants of technology consists of vari-
ants of technological operations and all are in a direct dependency on agricultural machines: All
these enables the optimization of technologies individually, as well as the optimization of 1of the
total production, taking into consideration the complexity of all mutual influences of indll\,ldual
technologies in a unique seeding plan. The requirements for one kind of machines (Wheel thactor

of 20 kN category) during a technological year graphically presented (horizontal histogram) per
days is illustrated in a figure. ' o

In a similar way we enable, besides the checking of the machines, the checkKing of other re-
quirements, as for example, the consumption material, fuel, manpower. The special value Is the
possibility of expressing the financial production effects, both in ‘absolute and specific indicators,
presented in relation to the product or surface unit. The presented anal.ys'is'points éut that, ina
shorter time period, there is the disproportion between the requirements and available number of

the analyzed kinds of machines. This could be concluded already in the phase of plan forming, so
that it can be reacted in due time.

12
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|
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Fig.2. PLANNING STRUCTURE OF FARMING PRODUCTION

The planning of such a complex structure can be best realized by applying the simulation
methods. It appeared to be a good experience to accept the analogy with graphoanalytical
methods. Computer processing which enables incomparable faster work and obtaining of ex-
tremely qualitative results which could be easily used in analysis /1/, gives us a new quality. The
packages of computer programs made up to now, use this analogy to a great extent, and in future
we can talk about the term ,PERMANENT PLANNING, which should be understood as constant
plan examining and correction in accordance with the coming changes and disturbances in plan

g 18 19971
HY 18 11491 13.79

Fi-help (
GRAPHIC SURVEY OF THE NECESSERY MACHINE NUMBER

13.79

13.79

Fig.3. SAMPLE OF SCREEN FROM ,TTPP,

5. EXPECTED DEVELOPMENT DIRECTIONS

In future period we ought to expect the further transformation of information requirements. The
penetration of personal computers is going to be continued, what will influence th

e mass comput-
er use In most different areas. The exceptional importance for agriculture is: ‘

Information role, '
Technologies control,
' Processes control,
Analytical plan role,
Financlal bookkeeping role.




The software development Is directed to the aim of intensive computer use In control and
planning /3/. '

The separate qualitative change will bring the mass application of automatic activation of
information values. The transfer of these information will be by a direct way. Such a development
is a logic continuation of the endeavor to approach the place of information input, to the process-
ing place from one side, and place of information origin from the other side.

6. CONCLUSION

Information revolution has stepped into agriculture. In the initial development phase, the
central information computer units were formed and they had the task in an exclusive financial
scope on the basis of work following. The computer development and their use have placed the
new tasks, first of all, in the field of planning and production control. In this development peronal
computers have played a special role and their mass appearance had influenced the price de-
crease and intensive development of the corresponding software. The production planning, by the
use of simulation methods, represents the new value in the information and technological sense.

In the further development, the simulation planning method will be transferred to the perma-
nent planning, and finally, to the unique expert system with defined control requirements.
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A NEW TECHNIQUE FOR ULTRA - LOW - VOLUME SPRAYING
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ummary : o TERE-
The new addition comprises ad T
- ) aptaion o i
th;;rbZZirtEFe ftomlzer; to catch the sprg; dropsfasdf:g;ic
e Mg drift’p anﬁ follage: Thus the advantage is to avoig
e ook bl1.ng inherent with ULV. The spray was found to
st Pt :ndlshed over 6000 rpm, regarding spread of dis-
Size resulted at this speey.” Hith ro oLl GrcPlets of 40
' s cm. i
Eiigﬁiiatomlzer boop spacing is 110 cm. g;friiggézg,dﬁhe
on. The fabric cover was found to collect about éi;

third of the total s
plant Seiioe. pray ready for contact application to

I MATERTALS AND METHODS

The setu i i
osed ) p used in the tes -
ls)pinni:gf dtihsek f)c;fll—ow1ng compnents(Fig.1): (1)interc§a;§eggrlne
and Dt'J'IO' and 14 cm.Dia. with corrugated rims
an a’batter iy la. with straight rims. Disks are mounteé
D‘C.variabl(};_operated motor (2). Later replaced by a
P ek speed motor with surplus power. Liquid
g b g l):om 1an elevated. tank with a sirface head oqf 68
oeaatye th re\;:e of the emitter boom(3). The unit is sup-
scetorvlilon thep Ot ected by the fabric cover, (4). This cover
Face by contacts é‘sy spray and applies its to the plant sur-
and. cEE , thus sglv:mg the "ULV"problems of driifti
foliage. Mgre tyh of distribution and coverage on pla:g
o Book (8] a4 en one of th.e ab}ove units can be mounted on
Bt ooy esired. Boom inclination is about 45°with th
according to the design of Awady et al 1981. °
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Fig. 1: The ULV spray unit.
1. Spinning disk. 2. Battery-operated motor.
3. Liquid emitter. 4. Fabric cover.
5. Frame for cover. 6. Boom section holding spinners.
7. Sampling cards.

Tests Involved:

(1) Investingating the effect of spin disk diameter and cor
rugation on the extent of the sprayed trace on a plane 40
cm. below.

" (2) Effect of the position of water emission at the spin
disk on the extent of the trace. Four positions were used
All positions were 5 mm from the rim.(25,45,and 65 mm from
the centers of disks for diameters of 60,100,140,cm resp.)
(3) Effect of speed of rotation of the spin disk on the ex-
tent of trace and average droplet size and distribution.
Four speeds were :950,2600,7600,and 13100 r.p.m.Speeds were
measured by means of a revolution counter and stop watch.
The spray was received on paper cards of 2 x 8 cm spaced
every 20 cm. -in line lateral to movement direction of the
application .Cards were placed either on ground or on the
fabric cover according to point of sampling. Time of sam-
pling was about 3 sec. cutoff of the sampling time was
carried out by moving in of an interceptor speet over the
plane of sampling. In latter experiments sampling cards were
attached to lances that were moved over, above and below the
atomizing devices by a speed pertinent to the exposure time.

TO measur the resulting drop sizes, samples were collected
simultaneously in an oil bath and on . the paper collecting
surface. Calibration was carried out by comparing the paper
stain sizes with the oil-bath drop diameters. Drops and
staing were measured by a comparative cculer graticule on a

monocular microscope. Counting of drops was under a
binocular microscope. Calibration could be expressed by:
d = 3.33 Jdp

Where d:diam.of drop, and dp:diam of stain on paper.
This result conforms with the findings
of (jarman, 1956) who suggested the form. d = a(D)b

[

Definitions of_'spray - trace Dimension.

Fig.2:

‘II RESULTS AND DISCUSSION:

) ) ) The sketch of Fig.

g:;:ﬁi;;cal dimensions describing the tracz ifszgzi tge

ool ShezgsthiAground. Different traces were obtaineg oﬁ

pep Mg 1 pTiziﬁwon tgi(ground 40 cm below the axis of
. ere =

1. Comdition or oY e aken to show the effects of:

. FiigaEion edge: whether plain or with cor-

2. Diameter of the disk.

3. Po;ition of water emission

4. Spinning speed: on trace width
5. Lateral distribution of spray ér
6. Catch of drops by the fabric cov

and on drop sizes.
oplets.
er.

1. Effect of disk edge:

Figure 3 show as ¥n- exampl
4 ) ple the traces from plain-
s;sg o§S§t§1ameters. Each run included the four wgt:;neiggf
s litilel ions. The flgure show that edge corrugations give
e ?E;iedéigerEPQ oﬁjﬁroplets, thus more filling in
i - Yet, e differences are not
practical value. Thus plain-edge disks are satisfacto?:iz.much

Ll ag o
o /‘.:u\
N Y /JVI N T G070 g
Ay L0 TN Y 010 0050 W e T TR GRG0 120 Cim
m \kp/
Poy . 4

LS Yy 3 .
V210 60 £ 40_20-|720 N0 £ AT NT 1Y A6 i

A oo . ]

Fig. 3: Traces from plain edge
for different enission

6 cm spin disk,
position.
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2. Effect of the spin-disk speed on trace spread”A"f )

In the speed tests,6-cm dia. disk was used, with plain
edge,and with water emitted near the top(pos.1).

Four speeds were used:950,2600,7600, and 13100 rpm.
Table 1 shows the different trace-dimensions for the dif-
ferent speeds. . .

Fig.4 shows the major-axis spread "A" of the traces,
for the 4 stated speeds and the four emission position(major
diamter). ) .

The figuer clearly shows that the diameter "A" in-
creases considerably by the increase of the disk speed up to
about 6000 r.p.m. The range up to this speed can be
expressed as developing speed range. The sprgad obv1ou§1y
increases with speed in this range due to the increased in-
ertia given to droplets.

Later on (over 6000 rpmm.), the spread curve flgttens
out,without much variation with speed. This range w1%l be
termed "established-speed range”. In this range inertia of
droplets increases with speed but decreases with greater
atomization accompanying the speed buildup. The two contery
effects cause the flattening of the spread curve..The
"stablished-speed range" is of practical impgo?ance since
spread stays without radical changes, in addition to the
eminent stability of drop sizes. Thus recommended speed-
range is over 6000 rpm.

Table 1y The trace dimensions for 6 cm plate dismeter sf
foue water-rolesse positions and plate speods.

U = 950 r.p.a.
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Fig. 4: Trace width vs. r.p.m

3. Catch of drops by the fabric cover:

Fig.5 shows the distribution of drop intensity as col-
lected from the ground, 40-cm below atomizers, and from the
fabric cover. conditions involve 6-cm dia disk of plain edge
rotating at 6000 rpm, with water release near the top.

Quantity collected by the cover represents about one
third of the total spray, as estimated from the figure.
Notice that this is less than 50 % because some of the stray
drops fall back by gravity toward the ground.

400

o
o
o

surZace

N

\
\ °n fabric cozer——
|

NI AN
0 20 10 60 80
-~ lLatersl distance fzom the apin disk ceator - on

of wator drops/cm®
w
(=3
8

5

No.

Flg. 5: Distribution of spray intensity on ground and
on fabric cover.

SUMMARY AND CONCLUSION
The developed device is "yLyn

; p ) appli
splnnlng disk gtomizers. The new ad Eion rors —

qition comprises adapta-
mizers to catch the stray
€. Thus the advan-

disk-edge of small size (6-cm dia) .

Liquid was applied to the qi i iti
top, bootom, right, and left). eiret g Sitions oot

Symmetrical patterns on right Sy Sipet: s positiops Jave




The spray was found to become established over 6000
rpm, regarding spread of distribution and resulplng drop-
sizé. Uniform droplets of 40_ALsize resulted at this speed.

With 10 cm. overlapping, the appropriate atomizer boom
spacing is 110 cm for uniform distribution. )

The fabric cover was found to collect about one third
of the total spray ready for contact application to plant
foliage. )

The estimated field capacity "c" of a man carried
divice, based on 2 spinner lance with (2.2 m swatch width),
the operator’s speed "v" of 2 km/hr, and assumed field ef-
ficiency "‘? " of 0.75 is calculated:

W x V
C = ————————— X
10000 ,?
2.2 x 2000
= mem——————— X 0.75 = 0.33 ha/hr = 0.75 fed/hr.
10000

The workable rate of discharge "g"was measured at 4.3 1l/hr.
Accordingly, the intensity of spraying"i" is calculated:
i = g/c

= 4.3/0.33 = 13 1/ha = 55 1/fed.

Intensity is in the desired order of magnitude. If can,
moreover, be easily regulated through the rate of discharge.
Recomendation for operation condition:

Disk : 6 - cm dia, plain edge.

Water application : near disk top.

Speed : over 6000 rpm, with 40Mdrop size.

Spacing :110 cm with 10 cm spray overlap.

Fabric cover : to collect 1/3 of spray

Estimated field capacity for 2-spinner lance: 1/3 ha/hr.

Workable spray - 'intensity approxmately: 13 1/ha. according

to the plant condition.
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OF OLIVES FROM THE GROUND
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Experimental tests were ~carried out about
harvesting from the ground from big trees. By choosing
the right machines and by combining them suitably, it's
possible to reduce the harvesting costs and to have an

‘0il of Dbetter quality because of the smaller
olives remain on the ground.

olive

time

1. INTRODUCTION

In olivg growing regions with big, high yield trees of
qraduallx rxpening varieties, harvesting is generally done-
after olives have already fallen onto the ground. The soil

onto which olives fall must be properly prepared, weeded, and
levelled.

Since olives ripen gradually, a certain period of time will

elapse from the moment the first olives fall to the end of the
fruit dropping period. This interim can damage the quality of
the fruit, since it remains in contact with the soil.
Prolonged contact will give the deriving oil an unpleasant
taste. Therefore, this o0il will have to be refined in order to
make it edible.

Apart from these qualitative considerations,

the high cost
of traditional harvestin : fo

g must be also taken into account. For

these lreﬁ;ons, in the last few years, partial or total
mechanization has been spreading even in the most "difficult”
areas.

Mechanical harvesting can be performed by small,
machines. (sweepers, suction equipment,
etc.)-which replace manual jobs;
fruit detachment. The use of the

low cost
cleaning equipment,
moreover shakers can enhance
above said machines helps to
the ground thus
separation from
consequence, an o0il of

reduce the period of -time olives remain on
ensuring a rather clean product (mechanical
soil, leaves, impurities) and, as a
better quality.
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A great step forward in oil quality has been achieved by
using mechanical systems instead of ground harvesting
techniques. Fruit is cleaner, less damaged and can be
transported immediately to the processing plants.

In the light of this, tests of mechanical harvesting of
olives in these areas were carried out using different
harvesting chains aiming at comparing the two different
harvesting methods.

2. METHODS

The tests were carried out in an olive-grove at Taurianova,
Calabria, from January to February, with trees of the cultivar
"Ottobratica” on flat and even plots. The soil had been
previously levelled and prepared for mechanical harvesting.

The trees, about 70-80 years old and with a large tree-top,
were 14-15 metres high; 3-4 branches spread out from the

trunks having a diameter of more than 80 cm. The planting -

distance, not reqgular, was approximately 15 m x 15 m.

Three different harvesting chains were compared. By the
first harvesting chain olives were harvested after falling
onto the ground naturally whereas by the second olives were
harvested after falling upon the ground through the action of
a shaker. By the third harvesting chain olives were harvested
in the same way, but by means of a different picker.

In the first case, olives were collected by a picker
equipped with brushes and were then unloaded into a box,
suitably placed (there were 12 boxes in total). As soon as a
box was full, it was automatically unloaded to the ground and
replaced by an empty one. The cycle continued until all boxes
were full. After that the boxes were loaded onto a truck and
carried to a sorter, where olives were separated from leaves
and other impurities.

In°the second case olives, fallen to the ground by using a
shaker, were harvested by means of the above said picker.

In the third case, finally, olives fallen by mechanical
shaking were collected by a brushing-picking machine. This
machine equipped with a tank (having a capacity of 0.3 t)
unloaded olives onto the conveyor belt of the sorter.

The machines worked along a row, then at its end they
turned and continued along the adjoining row, until harvesting
in the whole area was performed.

3. RESULTS

In the tests carried out, fruit-removal percentage of the
shakers as well as of the other machines utilized and the work
capacity of each harvesting chain was also determined in order
to get a parameter with which to compare the efficiency of the
different harvesting chains.

Due to the large trunk diameter, shakers could not be
fastened directly to trunks. Each branch had to be shaken,
therefore much more time was required. Actually most time was
employed to move and place the machine and to adapt the
shaking head to the tree.

As a consequence the percentage of olives detached was

rather small (about 60%), due to the size of the trees and the,

difficulty of transmitting vibrations to the branches far from
the point where the shaking head had been attached. (tab. 1)

Table 1 - Results of the tests of olive mechanical harvesting

Yield Fruit Product Work
Harvesting per removal | removed |capacity Harvest
chain tree force by the of the | productivity
shaker |hervesting
chain
(kg) (N) (%) (t/h) (kg/h-man)
- Picking of
the fruit
A fallen - - - 0,640 160
naturally(l)|
= Sort
(4 meni
-— Shaking
- Picking (1)
B | - Sorting 490 4,7 60 2,192 365
(6 men)
—~ Shaking
- Picking (2)
-~ Sortil
c T -e:? * 480 5,2 - 57 2,210 552

1) Harvesting by a picker unl i i
1ng oading olives int
2) Harvesting by a picker with tank (1 man).l # 59

xes (3 men).

agaiit ;fsottiregggs idvi:able to perform the intervention
: . 1 un o radual i i
high productivity of these plznts. THEEAS AR TRR Usuglly
(97%€1ck;;: ;iiiided a :iqh percentage of harvested product
. ng machines i i
proabetivity HaiT also attained a high harvest
" As far as the work ca i i
) : ) pacity of the different h i
g?ains employed is concerned, it amounted to 2.2 infSS;ZE
o;?v:;SQe:: :?;l:e?i;ki?ly lower (0.64 t/h) in the chain where
cted after falling onto the ground nat
g urally.
hi rThe‘values oﬁ harvest productivity were also consideragl
1lgher in the chains resorting to mechanical shaking Y
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The highest work productivity was recorded in the third
harvesting chain, mainly on account of the lower number of
workers employed due to the presence of the tank. Actually it
amounted to 552 kg/h - man as against 365 and 160 kg/h - man
recorded in the second and first ‘harvesting chain,
respectively.

Fig. 1 refers to the comparison between the experimental
points (d, P) and the following equation:

Chain A P = 296.3 d°-37 (1)

Chain B P = 292.9 do-®° (2)

Chain C . P = 431.3 d°-7° (3)

where P is the work productivity and d is the olive density
on the ground. The coefficients of equations (1), (2) and (3)

are estimated by using the least squares method.

600 | e @ Chain A

-~ | '
5 500 ; A cChain B
£ i ! - £ i
£ 400 | : , 1 : { chain C
2 N s a

; . 300 : A A/A~f‘ —eq.(1)
8 ;(2)/& ‘
- fw% 1 e
3 i :
Q i i 1 1 i —eq.(3)
£ 100 - : - : i
8 ( \ ‘
E 0| | | |
3

0 0.20.40.60.8 1 1.21.41.6

Olive density (kg/m2)

Fig. I. Work productivity of chains A, B and C as the olive
" density on the ground varies. '

In the harvesting chains using a shaker, a picker and a
sorter, olives fell onto the ground through the action of a
shaker, were selected and then carried to processing plants.
The limited period of time olives remained on the ground and
sorting ensured an oil of better quality compared with that
deriving from olives fallen naturally.

4. CONCLUSIONS

Harvesting olives from big trees is rather difficult
because of the size of the tree-top -as well. as of gradual
ripening. Therefore harvesting directly from the ground is

widely performed. However harvesting, be it manual or
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partially mechanical,
results in a low harvest productivity.
'In the tests carried out,
were attained by the chain where a
built-in tank and a sorter were used.
Therefore, by choosing the
Fhem suitably harvesting costs can be
in "difficult” areas, as. the one where tests wer
One should, however, point out that olives

shaker,

contact with the ground, (even though for a

period with mechanical harvesting)

th i
of the final product. PR e
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THE PROCESS OF THRESHING BY MEANS OF A MULTIDRUM SET FOP
THRESHING AND SEPARATING

J. Gieroba - K. Dreszer
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The work elaberates on the research pertaing to grain
separation in a multidrum set for threshing and
separation. The influence of capacity, revolutions of the
separating drums, size of the working slots between the
drums and threshing floors for separation as well 323
moisture of the threshed grain mass on effectivness of
separation haz bee ~=-ribed. Attention has been paid. on
the process of feparatlon in the function of the number
of the Sepdratlng sections.

a multidrum set for threshing and separation, grain
separation, the influence of work parameters

1. INTRODUCTION

Scientists’ and constructors’ work aiming,at the increase
of combine-harvesters capacity goes in two directions. - The
first one is a construction of a combine-harvester with axial
flow of grain mass. The other one aims at a construction of
combine-harvesters provided with multidrum sets separating
grain from straw mass. These sets have replaced hey shakers
which used so far as they resrained a general capacity ‘of
combine-harvesters and inreased their dimensions.

On the basis of the investigations done so far and survay
of literature one can assume that in climatic conditions of
Central Europe combine-harvesters with a multidrum set for

separation will be commonly used in practize.

2 THEVAIM'OF THE WORK:

The aim of the work was to do a post research of the
?rocess of grain threshing and separation in a multidrum set
for threshing and separation and the mathematical description
gf the process of grain separation with consideration of the
influence of the essential work parameters of the set and
moisture of grain mass threshed.

3. THE CONDITIONS AND METHODOLOGY OF THE RESEA&PCH

A set for threshing and separation consisting of
threshing drum and eight separating sections (Fig.1) was built
in the Institute of Agricultural Mechanization of Agricultural
Academy in Lublin.

Fig. 1. The technological scheme of the resear~h post.
1 - a belt conveyor, 2 - a threshing drum,
3 - a threshing floor, 4 - separating drums,
S - grates, 6 - a powering set

The set was examined while threshing winter wheat, Grana
brand, with the straw moisture of 12,81; 14,93 and 16,1% and
the grain moisture of 13,89; 15,71 and 17,63%. The research
was done with the capacity of a threshed mass equal to 2, é-

4,0; 5,5 and 7,5 kass. The size: of the working slots were
equal to 25 and 40 mm. The influence of periphefal peads of
the =eparating drums on the process  of separitzd w;;
i:er ved, ,\pr peripheral speeds of the drums amounted to 10, 6-
}J B and 21 mss and they corresponded to the angular speeds of

3 4 >
Lhe drums of 532,78 and 103 rad-s.
: 4 T
-I3wW mass was passed to the set for threshing ziod




wheat. were regularly placed. The speed of the conveyor belt
was equal to 1 mss. The grain separated from particular
sections was caught into separate special =sacks and then it

ercentage for each separating section.

The results obtained in this way were for a constructicn
of a mathematical model describing the process of grain
separation in the set for threshing and separation under
discussion. :

E

4. THE RESULTSHAND THE ANALYSIS OF THE RESEARCH.

The evaluation of the influence of particular factors on

the process of grain separation was very important task. The
influence of the capacity - Q, the angular speed of the
separating drums - ®, the size of the working slot -c, the
straw moisture - w and the amount of separating sections - n

was examined.

The analysis of multiple regression taking into conside-
ration the factors mentioned above proved that the number of
separating sections - n was the most important factor. Other
variables turned out to be statistically irrelevant and they
increased multiple regression coefficient R? only to a limited
degree.

The conclusion that the amount of separating sections had
the basic influence on efficiency of. grain separation allowed
to formulate a formula describing interrelations between the
amount of separated grain expressed in percentage and the
amount of sections. The equation has the form:

Y = 64,0497exp(0,14249 n - 0,01072 n) 12
for 1£n £ 9, with R? = = 89,38%
Figure 2 presents the course of the function according to the
equation (1),

Transformifig the formula ©12 to the form:

s = 100 - 64,0497exp(0,14249 n - 0,01072 n2) [€=3]
we obtain a dependence which enables to indicate theoretical -
ly grain losses that arise where subsequent . sections are
excluded from work. In this way a necessaryi number of
separating sections with a definite level of grain loss can be
defined.

It should be noted that the research was conducted only

with wheat having pretty advantageous physical characteristics

for the process of threshing and separation. Therefore, there
is need of investigation on a wider scale while threshing four
kinds of grain with more differentiated morphological features
and with a wider range of moisture.

It was observed that a multidrum s
separation caused conziderable over

t trr threshing and

et
grinding of straw

welighted and amount of separated grained was defined 1n

interfering with the process of grain retinement. It
obvious disadvantage of the set

100
90

IS

.c-

B sl

-]

L

2

o

-9

A 70t
60 | | ) 1 L |

1 2 3 & 5 6 7 8
Number of separating section

Fig.2.The course of the function according to the equation(l).

5. CONCLUSIONS

As a result of the conducted investigation it was
ascertained that a multidrum set for threshing and separation
fulfills the conditions necessary for usage in combine -
harvesters. During the examination of the set provided with
eight separating sections grain loss resulting from under-
threshing was not observed. It was noticed that the amount of
separating sections could be smaller . without essential
worsening of the process of grain separation. The most advan-
tageous working conditions were obtained with the angul ar
speed of 78 radss and the-size of the working slot of 40 mm.
The mathematical analysis conducted allowed to elaborate on a
model of the process and on analytical definition of grain
loss in particular separating sections.
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Academy in Lublin. A special post was constructed where the
research was conducted with various work parameters of parti-

.cular working elements of the set.

2. THE GOAL AND SCOPE OF THE WORK

The goal of the research was to evaluate quality of work
of a multidrum set for threshing and separation. The criterion
accepted was the amount of  micro- and macro-damages of grain
separated in the process of threshing. The amount of grain
damages caused by particular separating section and in the
mass of separated grain as a whole were defined.

3. THE GENERAL CHARACTERISTIC OF THE OBJECT AND RESEARCH
CONDITIONS

The scheme of a multidrum set for threshing and separa-
ting consisting of a flail threshing drum and light separating
section was presented in /5.

The research was conducted with threshing winter wheat,
Grand brand, using variable parameters of work of the separa-
ting elements. Three angular speed of the drums amounting to
53,78 and 103 rad-s and two size of the working slots equal to
20 and 40 mm were used. The research was conducted with the
capacities: &,8; 4,0; 5,5 and 7,0 kgss of the grain mass.
Moisture of the threshed straw equaled to 12,81; 14,93 and
16,1% and grain moisture to 13,69; 15,71"and 17,63% The set
for threshing and separating was powered with a belt conveyor
with speed of threshed mass delivery equal to 1 m/s.

4. METHODOLOGY OF THE PESEARCH AND ELABORATION ON THE RESULT

Methodology of the research covered:

- the way of chosing samples of grain for the analysis,
- the method of detining of physical and 3
ristics of grain and =traw, ’

- the method of defining of the amount of micro- and macro-

damages
- the method of the anal:
Samples of grain of the
zeparating set were cellected in five repetitions. The amount
>f damaged grain was defined in grain mass from all section as

's1s of the results obtai

ated by hand from 100
and per-centage were defilned.
s were defined in the grain mass
ated before. The samples equal Lo
th for 120 s in 1% water solution
puid.  The ligquid entering through

wlth macro-damars

and

their ma

fn
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invisible damages of fruit and seed cover coloured starch in
the "places of damages into brown. The coloured grains were
separated and their amount was defined in percentage.

5. THE RESULTS OF THE RESEARCH AND THEIR ANALYSIS

s
Mechanical grain damages (macro- and micro- diminish its

biological value. Quite often the amount of the damages is the
accepted criterion of evaluation of the threshing process

/1-7/. The experiments conducted proved that all the factors’

taken into account Ccapacity, angular speed of the separating
drums, size of the working slot and grain moistured had a
considerable influence on the amount of mechanical grain
damages. ( .

The factor which has a considerable influence on the
extent of mechanical damages of separated grain is capacity-Q,
Fig.la. It results from the picture that increase of capacity
results in diminishing of the amount of mechanically damaged
grain. With lower capacities the contrary phenomenon was
obser ved.

Next important exploitation, factor having influence on
the amount of mechanical damages of grain is angular speed of
the separating drums - w. The research proved that increase of
angular speed of the drums results in increase of the amount
of macro- and micro-damages in the separated grain, Fig.lb. It
should be also noted that with peripheral speed of the
separated drums higher than 15,68 m/s (78 rad/sd the amount of
damages grows considerably, Fig.lb.

Another factor having influence on quality of separated
grain is size of the working slot bétween the drums and the
separating grates. The influence of the slot on the amount of
grain damages is characterized by diagrams on Fig.lc. The
analysis of these diagram lets us conclude that grain
separated with the working slot equal to 40 mm has less
damages in comparison to the grain separated with the slot
equal to 25 mm. :

Moisture of the threshed grain - w has alsc influence on
the extent of grain damages. It results from the research that
during wheat threshing with law moisture of grain the amount
of its mechanical damages increases - Fig.ld.

6. CONCLUSIONS

- .The research under discussion lets us formulate the
following conclusions: ‘
6.1. Percentage share of micro- and macro-damages of wheat
grain sepiarated by particular sections is various, Fig.l.
damages are caused in the first and the second

srating sections.
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6.2. The amount of mechanical grain damages separated by a
multidrum set depends on its work parameters and grain

moisture.
6.3. During the research it was observed that the amount of
wheat grain do macro-damages amounted to 1,3 - 5,5%

while the amount of micro-damages from 5,5 - 10,5%. These
amounts are twice as high as those caused by a traditio-
nal thresher of a combine harvester provided with . a key
shaker. -

_5.4. It seems advisable to conduct research covering the  other

kinds of grain C(except o0at) and &Some other non-corn
plants gathered with combine harvesters e.g. rape and
leguminous coarse-grained. Research should also cover
grains with increased range of moisture and differen-
tiated physical characteristics.
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The approach to the optimization of essential cinematic and dynamic work indicators of a
tractor hydraulic liftsystem on the basis of geometric parameters are given in this paper. For
the adopted structure of this device, a mathematical model was formed that comprised diffi-
cult and changeable work conditions of the tractor aggregate. A program for computer was
made, the one used for the work simulation of the tractor hydraulic liftsystem. The numeric
method of direct search was used. More optimization criteria were adopted. The obtained
optimal solutions of a tractor hydraulic liftsystem met more or less the set criteria of the solu-

tions on the existing tractors.

Key words: Optimization synthesis, tractor hydraulic liftsystem, implement, mathematical
model, computer program, analysis, simulation

1. INTRODUCTION

The tractor hydraulic liftsystem influences to numerous important tractor exploitation possibili-
ties and to the quality of work of the implement. The lack of this system with some types, catego-
ries and manufacturers of tractors are: the insufficient concordance of structural parameters of the
tractor hydraulic liftsystem and implements, inadequate stability of maintaining the given imple-
ment work regime, inadequate dynamic load distribution on tractor's wheels, inadequate lifting
power and inadequate reliability of the hydraulic components of the liftsystem.

The requirements that are expected from the tractor hydraulic liftsystem are numerous and
mutually contradictory. This is why the aim of this work is that for the adopted structure of the
tractor hydraulic liftsystem, the optimization of geometric parameters is carried out. As the basic
criteria of the optimization the following kinematic and dynamic work indicators are adopted:
transmission ratio of the tractor hydraulic liftsystem, lifting power on the lower connecting wheels,
driving piston load and stability of tillage depth. The obtained optimal solutions of the tractor
hydraulic liftsystem have been compared with the solutions on the existing tractors.
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2. INVESTIGATION METHOD

In forming the mathematical model, the tractor hydraulic liftsystem structure, as on the kine-
matic scheme (Fig. 1.) has been accepted. The adopted tractor was of 20 and 30 kN category and
the implement was suspended plough. The soil resistance could be changed depending on: spe-
cific soil resistance;, depth of tillage, number of ploughing bodies, working width, working speed,
plough mass and position of plough center of gravity. The soil was real, uneven with inclination.

The function of the tractor hydraulic liftsystem has been mathematically described by vector
analysis, during one cycle (lifting from a minimum lower working, into the maximal upper, transport
positior). In this way the mathematical relations were obtained in which the coordinates of the
supporting i connecting points of the liftsystem figurated. This was important, since in the optimiza-
tion, the limits as the values of these coordinates were used, the ones that were defined by the
corresponding JUS standard.

The following work indicators of the tractor hydraulic liftsystem were analyzed: position of the
instantaneous semi revolution, transmission ratio of the device, transmission ratio of the aggregate,
dynamic coefficient of the tractor load distribution, moment of plough penetration into soil, lifting
force on the lower connecting points, necessary drive power and angle speed of the connecting
triangle (Part 8 Fig. 1). The stated work parameters are analyzed in the function of driving piston
stroke.

On the basis of such
a mathematical model

y(m) 3 : a computer program

. . A package has been
o 1,41 - \ ) \‘ made, the one that
ks - B ,\(/ \\ _- has three different
£ 1,2 cT; \ . \ ”’,1 possibilities: to analyze
g o 70 \‘ ’}’ \\ the work of the exist-
5 ’ 2 \\ ing solution of the
£ 0,8 ”,r 8] 2 \ tractor hydraulic lift
g 3 - \‘ system, to analyze the
g 0,6 Foy change influence of
o G the parameters to the
o 0,4 i S— work indicators of the
= 0,2 - . tractor hydraulic lift-
- ¢ . system and to opti-

0,2 0,6 1,0 1,4 s x(m) mize this device

Base depending on the

' . . chosen aim function.
Fig. 1: Kinematic scheme of the adopted tractor hydraulic liftsystem

2.1. Interdependence of the parameters and work indicators

In order to get the precise imponaht direction for the choice of the optimal solution of the
tractor hydraulic liftsystem, we have analyzed the interdependence of approximately forty different
Parameters and the above stated work indicators first of all. The coordinates of the basic points
influence to the greatest extend (A, F, C and H, Fig.1.), then the plough length (e, d, k j» and v) and
coordinates of the connecting points (G and ). v
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Fig. 2: Influence of parameter change .e, to the lifting force ..FG ’
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Fig. 3: Influence of the driving force change .F,

. to the lifting force ..FG

As the example we
give the length influ-
ence ,e, and driving
force ,Fy . to the lift-
ing force ,.FG ., dia-
gram (Fig. 2. and 3.).
Comparing these two
diagrams we can
conclude that it is
more rational to in-
crease the lifting force
by the increase of
parameters ,e., then
by the increase of the
value of driving force
oFn By the increase
of parameter ,e,, we
differentlyinfluence
and chain reaction to
many of other indica-
tors.

On the basis of such
an analysis we have
obtained, theinitial,
approximate solution
of the tractor hydrau-
lic liftsystem that
served as the basis for
finding the optimal
solution.
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3. PROCEDURE FOR DETERMINING THE OPTIMAL SOLUTION

3.1. Optimization criteria

As the optimization criteria those indicators that have the direct practical value have been
adopted and the ones that mostly depend on the tractor hydraulic liftsystem itself. Four categories
of optimization criteria have been adopted: basic, obligatory, desirable and additional.

The basic optimization criteria is the one that the movement of mechanism is which is one-
valued defined in the function of driving piston'stroke.

The obligatory optimization criteria are: that the transmission ration of the device is i~ const

>1 for the whole work cycle, lifting force F g =const (max) for the whole work cycle and driving
force FK>const (min) for the whole work cycle.

Desirable optimization criteria are: that the instantaneous turning pole of rotation is between
the front and rear tractor wheels, that the moment of penetration of the implementis M_ >0,
until the plough does not reach the given tillage depth, that the dynamic coefficient of tractor load

distribution isA; =0,6 for tractors (4x4)S and that the angle speed of the connecting trlanglem =0
while the plough is in the soil.

The additional criteria of optimization are the limitations prescribed by the corresponding JUS
standard for tractor category 20 and 30 kN.

As the optimization criteria indicators the corresponding statistical parameters have been
adopted: arithmetical mean, variation distance, standard deviation and Pirson’s coefficients.

3.2 Optimization resuilts

In the purpose of obtaining the optimal solution of the tractor hydraulic liftsystem, ditferent
variants of this device have been searched. The different variants were obtained so that one
geometric parameter was changed in a certain ratio, and the rest of parameters were constant and
so on. In such a way some thousand different solutions were searched, depending on optimiza-
tion criteria. The solution that will meet the basic and obligatory optimization criteria was searched,
and after that the deswable and additional criteria were checked. The search program was made in
such a way that a soluuon which mostly meet the basic optimization criteria is memorized, as well

as the values of optimization criteria and values of all geometric parameters-af the optimal gained
solution of the tractor hydraulic liftsystem.

In this way we have got four optimal solutions, which more or less, differ.

The optimal solution of the tractor hydraulic liftsystem obtained, depending on i and FG, as
the optimizacriteria are nearly identical and meet all given criteria to a great extend.

The optimal solution, obtained depending on Fy . asthe criteria of optimization, slightly differ
from the two previous optimal solutions and also greatly meet all given optimization criteria.

The optimal solution that met Qg as the opnmizatlon criteria, has met only this desirable and
basic criteria of optimization, while the rest ones did not meet.
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As the example we
give the change of the
necessary driving

Flp(kN) force on the cylinder
during one work circle,

230 \ for constant outer load
‘8? \ for one existing tractor
S 180 (Fig. 4. curve a) and
§ ~d for the optimal ob-
@ 130 \ c tained solutions,
a B e depending on optimi-
2 g0 b zation criteria (Fig. 4.
s — “
> curve b,c,d).
= < 4

0,50 0,55 0,60 0,65 0,70 ct(m)

Driving piston stroke

Fig.4: Necessary driving force for different solutions of tractor hydraulic
liftsystem: a) for the existing solution and for optimal solutions when the
optimization criteria: b) i c) FG ,d) FK and d)mB

It is obvious that the optimal solution that met irn s FG and FK, as the optimization criteria (Fig. 4
curve b and c) in advantage in ratio to the existing solution and optimal when the optimization
criteria W, (Fig. 4. curve aand d).

4. CONCLUSION
On the basis of this investigation, the following can be concluded:

1. From the totally fourteen analyzed geometric parameters, which mostly influence the work
indicators of tractor hydraulic liftsystem, only two on the existing tractors could be changed during
the work. This is the vertical coordinate of the support point of the upper rod and the height of the
connecting triangle (Fig. 1. point H and parameters S).

By the change of Y, coordinate, we influence to the dynamic distribution of the load on trac-
tor wheels, while we influence to a lesser degree to the necessary drive force F, and moment of
penetration into soil M - and to the other indicators it does not influence.

By the change of parameter ,s, we change the dynamic load distribution on the tractor
wheels, very little to the necessary driving force, while it does not influence the other indicators.

2 The parameter which is practically and technically most simple to be changeable during the
work, and with which, in principle, we can efficiently influence the analyzed work indicators of the
tractor hydraulic litsystem is the length of the lower lever (Fig. 1. parameter k).

By the change of .k, parameter we influence to the: transmission ratio of the implement, lifting
force, necessary driving force on the rod and dynamic distribution on the wheels.
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COMPUTING MAXIMUM STRESS UNDER VEHICLE RUNNING GEAR

A. GRECENKO

Professor, Agricultural University of Prague
165 21 Praha 6, Czechoslovakia

The paper deals with a practical way of computing
the maximum vertical stress under a vehicle running
gear contact area of rectangular shape representing
tyres or tracks. The proposed method makes use of
the formulae derived by W.Séhne and of the newly
introduced form factor.

soil stress; running gear; contact area; computation

1. INTRODUCTION

Frohlich when developing the classical Boussinesq'’s
theory [1] of stress state in the isotropic and elastic
semispace under an external load, introduced the concentra-
tion factors V¥ = 3 - 6 and applied them among others to
the formula for vertical stress oz at a depth, z, under
the centre of a circular plate with the radius r [2]

oz = as . (1 - cos’a) [kPal ) (1)
where tga = r/z and qs [kPa] means mean contact pressure.
Moreover, he also suggested a solution to this problem for
a parabolic loading of second degree

g = am . [1 - ( q /r)2] [kPa] (2)

where am [kPal] means maximum pressurc, valid for the whole
range of his concentration factors.

Séhne [3] has intoroduced these idecas to the field of
terramechanics in a classified way according to his research
experience (table 1). He also provided for the detailed
solution of this problem.

Gre&enko [4] has combined the work by Sdhne with his
formula for contact patch area of agricultural tyres to de-
monstrate the existence of tyre loading limits with respect
to soil compaction {agro-loading}.
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Table 1 Conditions for stress computation by S8hne [3]
case condition of soil c-factor q - distribution
é dry, hard 4 Wt e~ eHRST |
normal 5 parabola 4th degree
am = 1.5 Qs
3 loose, wet 6 parabola 2nd degree
Qm = 2 as

In his detailed analysis S&hne decid
] ed to respect
the actual form of the tyre-soil interface which resulted in

an exacting numerical procedure, enabling however to compute
the presure bulbs. )

2. VERTICAL STRESS UNDER THE CENTRE OF A RECTANGUILAR AREA

- f rcasonable practice in terramechanics is to substitute
g ¢ ?xal~shaped tyre contact area So [m2] by a rectangle

.1 = So of proper b/l ratio. Such = form of contact patch is

readily applicable to a track running gear, indeed.

Civil engineers have developed well known formulae for

s§r§ss unde? {ectangular footings in case v = 3 , correspon-
ding the original Boussinesq’s assumptions [5], and with
ds = const. The maximum stress under the ce
um stress ntre
an area So = b.l1 equals =, ek
2-qs 1
3 1
oz = -[arctan :%- + J.T.J'( + )] (3)
T » b2 +472 124422
where

bl

2.(bZ + 12 4 y,z2)1/2
The author found oul that this formula in case b = ] (1.0
ithor ; § = R
square fonting) yiclds cssentially identical results as )
th§ formu!u (1Y with ¥ = 3 and cqual arca S, = hz‘— 5( 2
(diffoerenc. tose than 0.2% ). ) i
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The ratio of oz from equation (3) for a rectangular

area b.l +to the stress oz for a square area b.b = b? of
the same size So will be denoted form factor fc

1 1
arctan :QL + 4.2.4}( + )
z b2 +472 12 +4z72
fe = < 1 (5)

"9‘5 8 Z.‘a’s

arctan + —_—
z So + 4z2

with
So

¥ - (6)

2.(b% + 12 + 4.,22)1/2

- So
D (7)

2.(2S0 + 4.2z2)1/2

The values of .fc become smaller as the ratio 1/b increases
according to the table 2 .

Table 2 Values of the form factor fc for z = 0.5 m

1 /b
S M2 s s e s et e s i)
° 1 1,5 2 4 8 16
0.05 |1 0.9 0.98 0.93 0.83  0.69
0.10 1 0.99 0.98 0.88 0.74 0.58
0.20 1 0.98 0.95 0.82 0.65 0.48

Thus a longer supporting area will cause less compaction.

The objective of this article is to point out that )
there is no particular reason why the form factor as defined
by the formulae (5-7) could not be applied with a reagonab]e
accuracy to a rectangular contact area with various k%ndc s
pressure distribution. This means in particular that in c.-der
to compute the maximum vertical stress under a rectangular

contact area So = b.1 in cases 1 -3 (VY =4 -6 ) ,
the respective formulae by Sdhne for the circular area of
the same size So , equivalent to the square area by effect,

are to be simply multiplied by the form factor fc . )
The possibly parabolic form of the surcharge over the rectan-
gular area resembles that of an air-inflated structure over

a rectangular basement.
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Example of the procedure :

there is to be found the maximum oz [kPa] at the depth 2z [m]
under a running gear contact area So with the ratio 1/b and
given gqs [kPa] in the case 2 : |

step 1 . 1 b
1 = (So.—)1/2 b = (So. yriz (8):
b
step 2 compute fc from (5) ‘
step 3 after Sohne - circular contact area (Y = 5)
8 10 £
oze = 1.5 gs.[1-cos’a -cotan?a.(— -5cosa +--cos3a -cosba)l (9)
3 ‘3
where
tenst = r/z = (So /49t )1/2 )/ g (10)
step 4 using the form factor fc :
Oz = fe . Ozc (< Ozc ) ,(11)

3. CONCLUSIONS

The proposed method of computing maximum vertical stress
under a rectangular contact area loaded by a parabolic
surcharge seems to be prospective due to its simplicity.

" The only other known procedure and means to validate the pro-

posed method would.be the exacting scheme deployed by
SSéhne [3] to generate the pressure bulbs.

The formula (11), combining the equations by S&hne (ozc)
with the form factor fc, can thus become an useful time-saving
tool in assessing the compaction behaviour of various running

‘gear arrangements.
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EIRFLUB DER GESCHWINDIGKEIT DES STABFﬁR?ERERS DER
KARTOFFELERNTEMASCHINE AUF KNOLLENBESCHADIGUNGEN

B. HANOUSEK!

1) Landwirtschaftliche Hochschule Prag

Die Trennung von groben pflanzlichen Beimengungen, vor allem des
Krautes, erfolgt bei Kartoffelerntemaschinen in d?r Regel. auf
duinnem Stabfdrderer, auf dessen oberen Syrang die separlerte
Mischung vom Ende der Siebkettenvorrichtung fd11t. Dabei kommt es

zu Knollenbeschddigung. ) .
Wir werden weiter unsere Aufmerksamkeilt diesen Einrichtungen aus

der Sicht der Knollenbeschidigung widmen.

Material und Methode

Der Sinn der weiter beschriebenen MeBmethode war festzustellen,
ob die durch den behackten Stabf&rderer verursachtgn Knollen-
beschidigungen gr&Ber oder im Verhdltnis =zu den flr den Stab-
forderer mit glatten Stiben in der Literatur angegeben?n Werten
sind (DoroZev - PleSakov, 1963). Weiter wurde di? Abhidngigkeit
von Knollenkeschddigungen von der Geschwindigkeit des
Stabforderers untersucht.

Fiir die Messung der Abhdngigkeil von Knol]enbeschad!gungep von
der Geschwindigkeit des Stabférderers wurde die auf Fig. 1
beschriebene Apparatur angewandt.
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Schema der HMeBapparatur: 1-Fdrderband, 2-einstellbarer Elektro-
motor, 3-Stabfdrderer, 4 und 5-Fallzelt, vi-Geschwindigkeit des
Forderbandes, vz-Geschwindigkeit des Stabfdrderers

Un Knollenbeschidigungen =u vermeiden, haben die Ketten des
Stabfdrderers Schutzdeckel. Der Stabforderer wird durch die
Zapfwelle des Traktors angetrieben - siehe Schema auf Fig. 1.

Fir die Messung wurden Knollen der Art Sperber benutzt, die
durch ihre Kugelfdrmigkeit geeignet sind. Temperaturen Standen
bei einzelnen Serien bei 10,5°C bhis 11,5°C.

Beschddigungen wurden bei drei verschiedenen Geschwindigkeiten
des I'6rderbandes gemessen. vi=const=1,25 ms-!, 1,5 ms-1, 2,0 ms-1

(L., IL., IIL. MeBserie) und bei 5 Geschwindigkeiten des
Stabfdrderers bei jeder MeBserie vz2=0,5 ms-1, 1 ms-!, 2 ms-1, 3
ms-!, 4 ms-1. Jeder Versuch mit einem Kollektiv wvon 200 Knollen

wurde viermal wiederholt, so daB der Beschidigungsmittelwert bei
jedem Versuch durch Auswertung von 800 Knollen ermittelt wurde.

Herleitung der Abhdngigkeit von Knollenbeschidigungen auf der
Geschwindigkeit des Stabférderers und Auswvertung der MeBdaten

Diese Abhdngigkeil haben filr den Fall eines Stabférderers mit
glatten Stdben DoroSev und PleZakov (1963) gemessen. Durch die
MeBdaten des Prozentualanteiles von beschidigten Knollen in
Abhdngigkeit auf der Stabférderergeschwindigkeit wird eine Kurve
gelegl, deren analytische Formel noch nicht gefunden wurde.

Gleichmdssige Knollenverteilung in der auf den Stabfdrderer
fallenden Schicht angenommen, haben alle Knollen dieselbe
Wahrscheinlichkeit von den Stiben getroffen =zu verden, und so
kann bei gewisser Verweinfachung die Gleichung hergeleitet
werden, wvelche die Prozentualbeschiddigung der Knollen in
Abhdngigkeit auf der Geschvindigkeit des Forderers angibt
(Fig.2). Der FEinfachheit halher setzen wir voraus, daB die

Knollen kugelfdrmig und gleich groB sind und in einer Zeiteinheit
t=1 auf den Stabfdrderer in senkrechter Schicht mit konstanter
Geschwindigkeit wvhn fallen. Beim ZusammenstoB mit dem Stab
entsteht in der Schicht ein Volumen Vi von getroffenen Knollen.
Fir die Herleitung setzen vir voraus, daB sich der Stab durch
eine nichtbewegende Knollenschicht (-vh=0) mit der
Geschwindigkeit v bewegt. Es gilt:

v=fvn o+ vE (ms ) .. (D)

In einer Zeilteinheit t =1 durchschreitet der Stab mit
Geschwindigkeil v eine Bahn Li = vet = v und es entsteht ein
Volumen:

V. = (d + 2D)eleLy = (d + 2D)*1.v (m3) ...(2)

Die Knollen kénnen durch den Stab im Volumen Vi getroffen werden:

Vi = (d+ 2D)e1¢5; = (d + 2D)e]leB:(cosol) "1 (mé) vaw 3D
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Fig. 2
Die Einwirkung des Stabes auf die Knollenschicht:
d - Stabdurchmesser, D - Knollendurchmesser,
m - Stababstand, mi - Bahn des Stabes mit Geschwindigkeit v

zvischen zvei ZusammensioBen mit der Knollenschicht

L - Bahn des Stabes mit Geschwindigkeit vz in einer Zeiteinheit,
8 - Tiefe der Knollenschicht,

51- Bahndes Stabes mit Geschwindigkeit v in der Knollenschicht,

I - Breite der Knollenschicht, Vi - ZusammenstLoBvolumen.
A - Vektorenwinkel vn, vz ist kleiner als 90°,
B - Vektorenwinkel vhn, vz ist gréBer als 90°.

In einer Zeiteinheit L geht durch die Schicht gewisse Anzahl von
Sté&ben:

n = Li/ mi = v/ my = vecosedem-1 ... (4
Jeder Stab hat ein ZusammenstoBvolumen Vi, in der Summa werden
pro Zeiteinheit Knollen im Volumen Vz getroffen, Vz = neV;i (m3)

Nach Einsetzen in (3) und (4):
Va2 = Vem~tecosi *(d + 2D) -1:8<(cosok)-1 = Vezsep-! cel ()

In derselben Zeilteinheit haben die in einer Schicht vom
Durchschnitt 5 1 (m3) mit Geschwindigkeil van (ms-!) fallenden
Knollen ein Volumen:

Vh = Selsvn (m3) ... (8e)

Der Volumenquotient : pi = Vz/ Vh = (VzeM)«(VheN)-1 .. (7)

gibt die Wahrscheinlichkeil des ZusammmestoBes mit dem Stab an
(N - Knollenan=zahl).

Die Wahrscheinlichkeit einer Beschidigung nach dem ZusammenstoB
kann als Volumenquotient der beschiddigten und getroffenen Knollen
ausgedrickt werden:

p2 = Va/ Vz .=. (2)
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Die Wahrscheinlichkeit wvon Prdsenz beschddigter Knollen im

Volumen Vnh ist bedingte Wahrscheinlichkeit. Also aus (7) und (8)

folgt: )

P =V3/Vh = piepz ... (9)

Nach Einsetzen von pi1 aus (7), (5), (6) folgt endlich:

P = Pz oV(d + 2D)2.vk / m2.vn ¢ (d + 2D)2.vE / videmZ ... (10)

d, m, D und vh kdnnen als konstanl angesehen werden, pi1 ist von
der Geschwindigkeit vz abhidngig und auch pz ist von dieser
Geschwindigkeit abhdngig. Der Einfachheit halber nehmen wir an,

daB pz proportional =zu pi1 sein wird ¢ pz = k pi1, k ist’
Proportionalkonstante.

Also:

P = kepi = ke( (d + 2D)2/m2 + (d + 2D)2.v% /m2 vA ) ... (11)
setzen wir : a1 = (d + 2D)2/m2 : by = (d+2D)2/m2. v

Dann : p = k ( aj + bi-va) ... (12)

Im Prozentsatz wird flir beschidigte Knollen gelten:

P = 100:p , also: P = ke(a + bevd) (%) ... (13)

Die Gleichung 13) kann nur dann gelten, wvenn der
Geschvindigkeitsvektor wvh auf den Geschwindigkeitsvektor vz im
Moment des ZusammenstoBes senkrecht steht. Falls der von beiden
Vektoren =zusammengeschlossene Winkel nicht recht ist, wird
folgendes gelten:

L
a) j’( 90°, v = V vh o+ ZthzcosY P ,

P =k ( az + bavz + cavi ) (%) ... (14).
z !
BY 7900 v - Vvh - 2vavasing s vE
P = ke( as - bavz + cavi ) (% ... (15)
Die Konstanten ai, bi, ci der hergeleiteten Parabeln k&nnen durch
Konstruktionsparameler des Stahférderers beeinflut werden. Die

Herleitung wdre &dhnlich wie im senkrechten Fall
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Fig. 3 )
Wirkung des Stabes des Stabférderers auf die Knollenschicht be1
der Messung des Einflusses seiner Geschwindigkeit vz auf die
Knol lenbeschddigung.

Damil es mdglich wdre =zu beurteilen, welche aus de? angegebenen
Gleichungen (13) bis (15) den MeBdalen entsprechen konTLe, wurden
flir alle Versuchsserien die Geschwindigkeiten des Forderbandes
berechnet ( Tab. 1 ).

vi = d1-n1/60 (ms~1),
di - Trommeldurchmesser, ni - Drehzahl.

Weiter wurden Geschwindigkeiten:  der Knollenschicht im Augenblick
des Zusammenstofes mit dem Stabférderer ermittelt. Aus Fig. 3
geht fiir die Koordinaten der Knolle hervor:

2
K = viel 5y = -get2/2 5y = £(x) = (-gex?):(2.v1 ) ... (16)

Fur die Koordinaten des Stabes gilt (17):

X = vz-L-cosd, ' =(vz-L;sinoL - h\7 y = f(x) =(ng0§ = h)
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Nach Aufldsung von (16) und (17) gilt flr den Punkt A(xi,yi1) des
Zusammenstofes

y1 = C (-tgk? \/Lg?p( + 2gh/vi .vi-tedd/g - m L. (18
Fir die Geschwindigkeit der Knolle im Punkte A gilt :

Vh =V vhx * V;y , WO Vhx = vi = const., und vhy = - gt.
Nach Auflésung: vh = V vi - 2gy1

Die Geschvindigkeiten vh sind in der Tab. 1 angegeben, graphische
Darstellung auf Fig. 3.

Tab. 1: Knollengeschwindigkeiten im Augenblick des ZusammenstoBes
mit den St&ben des Stabférderers (Fig. 3)

Serie yi (m) Vi = Vhx (ms-1) vhy (ms-1) vh (ms-1)
I -0, 250 1,24 2,215 2,538
IT -0, 228 1,50 2,155 2,593
11T -0,190 2,01 1,934 2,789

Die ermittelte Knollenbeschidigung wurde im Prozentsatz Pe (%)
der Gesamlbeschddigung und im Prozentsatz Pm der maximalen
Beschddigung (Bre&ka - Mares, 1965) ausgewertet.

Resultate

Die Trennungsfunktion des Stabfirderers ist durch den Stand von
Kraut, durch technische Konstruktion des Forderers und seine
Arbeitsgeschwindigkeit bedingt. Der wichligste Faktor ist die

Geschwindigkeit, welche die Beschddigungen stark beeinfluBt.

Tab. 2: Durchschnittliche Werte der Forderbandgeschwindigkeil vi

(ms-1), der Satbhforderergeschwindigkeit vz (ms-1) und der
Knollenbeschddigung. Py = Knollenbeschiddigung,
Pe - Gesamtheschiddigung , Pm - Maximalbesch&digung.
Serie Versuch vi vz Py P Pm
: 1/1 1,24 0,50 10,12 4,25 3,71
/72 1,24 0,99 8,25 3, 57 3,12
I I/3 1,24 1,98 8,62 5,19 4,89
174 1,24 3,00 25, 00 3,56 20,62
1/5 1..224 4, 01 49, 37 %53, 08 40, 87
11/1 1,50 0,50 7,25 2,82 2,41
I1/2 1,50 0,99 12,87 4,87 4,19
II I1I73 1,50 1,98 12,37 ], 31 7,67
1174 1,50 3,00 23,25 17,05 15,82
11/5 1,50 4, 01 40, 37 48, 31 36,07
I11/1 2,01 0,50 13,50 5,66 5,08
I11/2 2,01 0,99 13,87 4,01 3,69
III I11/3 2.01 1,98 12,50 9,63 7,69
I11/4 2,01 3,00 21,12 18,14 14, 29
ITI/5 2,01 4, 01 42,50 40, 16 30, 48
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Tab.3: Regressionsgleichungen, welche die Abhdngigkeit der
Veridnderung des Prozentsatzes von Beschidigten Knollen P;i (%) von
der Geschwindigkeil des Stabférderers vz (ms-!) angeben.

Serie ' vi Regressionsgleichung Korl. Index
I 1,24 P; = 16,1947 - 14,4679vz + 5,6889vz 0,999 '
II 1,50 Py = 10,987 - 4,6181vz + 2,9795vz 0.996
ITI 2,01 Py = 20,6428 - ' 3,5359vz + 4,7016vz2 0,998

Aus der Tabelle geht hervor, daB die Korellationsindexe sehr hoch
sind, also wird die hergeleitete Parabelgleichung (15) sehr gut
den MeBdaten entsprechen. Die Voraussetzung der Proporzionalitat
zwischen der Wahrscheinlichkeit des ZusammmenstoBes der Knolle
mit dem Stab und der Wahrscheinlichkeit der Beschddigung ist also
nicht im Widerspruch mit den MeBdaten.

Tab. 4: Regressloﬁsgleichungen der Gesamtbeschddigung Peo (%). und
der Maximalbeschiddigung in Abhdngigkeit von der Geschwindigkeit
des Stabfdrderers vz (ms-1).

Serie Vi Regressionsgleichung Kor. Index
I 1,24 Pct = 10,8251 - 14,9568vz + 6,36018vz 0,999
II 1,50 Pocz = 9,4515 - 12,2213vz + 5, 40790vz 0,995
III 2,01 Pcz = 8,8583 - 8,3314vz + 3,99007vz 0, 999
I 1,24 Pmi1 = 7,3658 - 9,3172vz + 4,43345vz 0,998 '
II 1,50 Pmz = 5,6937 - 6,0929vz + 3,36200vz 0,997
III 2,01 Pm3 = 7,4926 - 6,3918vz + 3,00202v2 0,998

Aus den Korellationsindexen geht hervor, daB auch hier die
Parabelgleichung sehr gut den Medaten entspricht. :

Aus den MeBresultaten geht hérvor, daB alle Beschddigungsarten
die kleinsten Werte bei gewvissen optimalen Geschwindigkeiten
des Stabfodrderers erreichen.

Tab.5: Minimale Werte der Beschddigungsarten Pj, Pe, Pm (%) und
entsprechende Geschwindigkeiten des Stabfdrderers vz (ms-1).
vi (ms-1) ist die Fdrderbandgeschwindigkeit.

Serie vi Beschddigung Py Pe Pm
T 1,24 % 6,99 2,03 2,47
vz optimal ’ 1,27 1,17 1,05
II 1,50 % 9,19 2,54 2,93
vz optimal 0,77 1,13 0,90
III 2,01 % 10,90 4,50 4,09
vz optimal 1,43 1,04 1, 06
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AbschluBresultate

Durch die Versuche wurde gezeigt, daB die Gleichung (15) unter
gewissen Vorausselzungen den Mefdaten entspricht. Weiter wurde

gezeigt, daB der beéhackte Stabfdrderer mehrere Knollen
beschiddigt, als der - normale Stabfdrderer. In unserem Versuch
vurden bei Geschwindigkeit des Férderbandes vi = 1,24 m/s und bei
Geschwindigkeit  des behackten Stabférderers vz = 2,01 m/s 9,85%
beschiddigte Knollen ermittelt, bei vz = 4 m/s schon 49,65%

beschddigte Knollen. Die kleinsten Werte der Maximalbeschddigung
Pmin = 2,47 bis 4,09 % wurden bei optimaler Geschwindigkeit des
Stabfodrderers vzoptimal = 0,9 bis 1,06 m/s ermittelt.
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NEUE MOGLICHKEITEN ZUR MOBILEN MESSDATENERFASSUNG UND -AUS-
WERTUNG VON DREHMOMENTEN UND LEISTUNGEN AN LANDWIRTSCHAFTLI-
CHEN MASCHINEN

H.-H. Harms

Institut fiir Landmaschinen

. Technische Universitit Braunschweig, Bundesrepublik Deutschland

A new PC-system method is able to measure technical datas directly on a moving
machine on the field. The torque measured by a new designed device is able to be
registered in a high frequency range. The PC-system is able to store all measured
figures on a digital basis. So the datas can be calculated and a classification is possi-
ble. A new transputer system stores 16 M byte that are about 8 x 10% measured datas.

1. EINLEITUNG

Wohl in allen Entwicklungsabteilungen gibt es immer wieder das Problem, daB der Kon-
strukteur fiir die Auslegung von Maschinenteilen keine ausreichende Datenbasis zur Ver-

fiigung hat. So ist der Konstrukteur vielfach gezwungen, Werte aus seiner allgemeinen
Erfahrung heranzuziehen.

Hier setzt nun ein am Institut fiir Landmaschinen der TU Braunschweig entwickeltes mo-
biles MeB- und Auswertesystem an. Dieses System beruht auf einer PC-Datenerfassung. Das
Programm selbst ist so vereinfacht, daB eine Festplatte nicht mehr bendtigt wird. Bei gleich-
zeitiger Aufnahme von z.B. Drehmoment und Drehzahl 158t sich dann auch die momentan
bendtigte Leistung direkt errechnen. '

Ein Einsatzbereich fiir eine solche MeB- und Auswertetechnik bezieht sich auf die Mes-
sung der vom Traktor abgegebenen Zapfwellenleistung. Deshalb galt unser Hauptaugenmerk

zunéchst der Messung des Ausgangsdrehmomentes am Zapfwellenstummel und der dazugeht-
renden Drehzahl.
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2. ENTWICKLUNG EINER DREHMOMENTMESWELLE

Herkdmmliche DrehmomentmeBwellen sind aufgrund ihrer Biegemomentenempfindlich-
keit, ohne den zusitzlichen Einbau einer Bogenzahnkupplung, nur bedingt geeignet, wie schon

in frilheren Versuchen gesichert festgestellt wurde /1/. Deshalb wurde am Institut fiir Landma--

schinen die im Bild 1 dargestellte MeBwelle entwickelt, dessen Torsionskorper weitgehend
biegemomentunempfindlich ist. AuBerdem wurde der Torsionswinkel von ca. 1 Grad (bei
herkommlichen MeBwellen) auf 0,04 Grad durch Verwendung einer Vollwelle aus einer
Speziallegierung reduziert.

Verstdrker
V-F Wandler

LA - @

Batterien
2x9V

N
N5

——Drehzahlgeber

Bild 1: DrehmomentmeBwelle

Ein speziell entwickelter MeBverstirker mit anschlieBender Spannungs-Frequenz-Wand-
lung wurde in die MeBwelle integriert. Zur Ubertragung des MeBsignales wurde wegen der
Storanfilligkeit eines Schleifringkdrpers ein induktives Verfahren gewihlt. Damit konnte die
Schmutz- und Vibrationsunempfindlichkeit erheblich verbessert werden. Allerdings war es
dazu notwendig, da die Spannungsversorgung ebenfalls mit umlduft. Durch die auBerordent-
lich hohe Drehsteifigkeit sind Drehmomente bis 1000 Nm bei einer Drehzahl bis 1500 mir;'1
wegen der hohen Resonanzfrequenz moglich. Moglich ist auch eine Anhebung der oberen
Drehmomentgrenze ohne nennenswerte Einschrinkung der MeBgenauigkeit im unteren
Bereich. Die Welle selbst ist mit 3-facher Sicherheit ausgelegt. Dadurch ist eine Zerstrung
praktisch ausgeschlossen.

3. MEBDATENERFASSUNG UND -AUSWERTUNG

Die Signale von der DrehmomentenmeBwelle (Drehmoment und Drehzahl) werden dann
iiber einen MeBverstirker und einen MeB8wandler, der z.B. das in Form einer Frequenz
anliegende Drehmoment-Signal wieder in eine analoge Spannung umwandelt, auf einen A/D-
Wandler geleitet. MeBverstirkerkarte und MeBwandler sind an die ankommenden Signale
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angepaBt und sind ebenso wie der A/D-Wandler im PC mit untergebracht. Alle Einheiten
konnen vom Bordnetz des Traktors versorgt werden. Der A/D-Wandler hat eine Auflosung
von 12 bit und kann bis zu 16 Kanile gleichzeitig abfragen. Es ist eine Summenabtastrate bis
10 kHz moglich.

Als Rechner wurde ein eigener IBM-kompatibler PC aus verschiedenen Baugruppen spe-
ziell aufgebaut, der im Bild 2 gezeigt ist. Charakteristisch daran ist, daf8 er keine eigene
Festplatte enthilt. Alle Daten werden iiber eine schnelle Links-Schnittstelle (20 Mbit/s) in
einem Transputersystem zwischengespeichert; dadurch wird die Problematik der Schwin-
cungsempfindlichkeit der Festplatte beim mobilen Einsatz vermieden.

Ve A TOTEsuameyaa ) v 1 1 ) Sl CFICET .

TR —

Bild 2: MeBdatenerfassungs- und -auswerteeinheit

Das Programm, das den MeBvorgang steuert, ist eine Eigenentwicklung, in der Hochspra-
che C geschrieben. Dabei wurde besonderer Wert auf eine einfache Bedienbarkeit ge-
legt. Das Ablaufschema ist im Bild 3 dargestelit. Nach dem Abgleichen der einzelnen MeBka-
niile erfolgt die Eingabe der Abtastrate und der Versuchszeit.
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Abgleich

. Datenspeicher| _
Dateneingabe (Transputer) '}
1
| i
A/D- Echtzeit- Echtzeit J !
Wandlung Aufnahme Darstellung :
|
DS, - [TEeeEemsrrees =

y-Berechnung

Ly(t) - Darstellung

T

Plotten |

Klassierung

Summenkollektiv
Datenspeicher

Bild 3:  FluBbild fiir Erfassung und Auswertung

Maximal konnen im Transputer-System ca. 7,5 x 109 MeBwerte abgelegt werden, was et-
wa 16000 eng beschriebenen Schreibmaschinenseiten entpricht. Das bedeutet z.B. bei 3
Kanilen und einer Abtastrate von 2 ms eine Versuchszeit von 1,5 h oder entsprechend bei
einer Abtastrate von 5 ms ca. 3,5 s Versuchsdauer. Diese Zeiten reichen in der Regel vollig
aus. Die gemessenen Werte konnen bereits wihrend des Versuches auf dem Display in y =
f (1-Darstellung angezeigt und verfolgt werden. Damit ist die erste Kontrolle der gemessenen
Werte schon wihrend der Versuche moglich. Sollte hier ein Fehler festgestellt werden, kann
der Versuch sofort ohne Zeitverlust wiederholt werden. Nach dem Versuch wird auf das
DOS-Betriebssystem umgeschaltet und der gesamte Versuch kann mit allen gemessenen und
errechneten Werten in einem Diagramm in y = f (t)-Darstellung erneut eventuell auch
gespreizt dargestellt werden. Das Programm ist so aufgebaut, daB neben den gemessenen
GroBen (hier Drehmoment und Drehzahl) auch unmittelbar die dazugehorige Leistung mit
berechnet und auf dem Display als Kurven angezeigt werden. Alle drei Parameter geben nun
eine erste Aussage fiir den Konstrukteur.
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Diese Daten alleine sind aber noch nicht aussagekriftig genug. Fiir die Auslegung ist ne-
ben der Auskunft iiber die Spitzenmomente und -leistungen auch die Aussage iiber deren Ein-
wirkdauer und iiber die entsprechenden Mittelwerte notig. Hier bietet es sich an, alle Daten
nach dem Verweildauerverfahren in Klassenstufen (hier 128 Stufen) zu klassieren und sie fiir
den gesamten MeBzeitraum oder fiir bestimmte - frei wihlbare Bereiche - zu berechnen und
anzuzeigen. Die Wahl dieser Bereiche erfolgt direkt am Bildschirm, so daB man sich hier
auch bestimmte interessierende Vorginge z.B. beim Anfahren heraussuchen kann.

Bisher wurde das Programm beschrieben, mit dem eine Analyse des Vorganges selbst
moglich ist. Wenn man nun Daten iiber einen noch ldngeren Zeitraum sammeln will, dann hat
man die Moglichkeit auf die Echtzéit-Aufzeichnung zu verzichten. Alle MeBgroBen werden
ebenfalls nach dem Verweildauerverfahren sofort in bis zu 2048 Klassen eingeteilt und die
Verweilzeit des Signals in jeder Klasse gezihlt. Die Leistung wird gleichzeitig mit berechnet
und klassiert. Mit dieser Methode kann praktisch unbegrenzt das Lastkollektiv berechnet und
auf dem Bildschirm sichtbar gemacht werden.

Der in Bild 4 gezeigte Aufbau diente zur Uberpriifung der MeBdatenerfassungs- und aus-
wertungseinheit. Eine Antriebseinheit - hier ein Elektromotor mit einem hydraulisch verstell-
baren Variatorantrieb vom Méhdrescher - treibt iiber die DrehmomentmeBwelle einen Ver-
braucher - hier ein groBes Geblise, dessen Leistungsbedarf durch Drosselung der Zuluft ein-

Belastung
durch Verbraucher

Messung von Drehmoment
und Drehzahl

Verdnderung 4 incl. Verstarker L.

der Ungleichformigke

Antriebseinheit
(n = variabel)

Online - Aufzeichnung
Online -
/D D nline - Darstellung

n[a

Wandler g Online -Klassierung

PC und Transputer als mobile
MeNdatenerfassungs - und
-auswerteeinheit

Bild 4:  MeBaufbau (schematisch)
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stellbar ist - an. Zwischen dem Geblidse und der DrehmomentenmeBwelle wird das Drehmo-
ment mit einer Gelenkwelle iibertragen. Dadurch ist es leicht moglich, den Ubertragungs-
winkel zu veréndern und somit verschiedene Ungleichférmigkeiten im Gelenkwellenstrang zu
erzeugen. Dieser Versuchsaufban wurde gewihlt, weil es bekanntlich beim Antrieb einer
groBen Masse, bedingt durch die Federsteifigkeit der Antriebswellen und der MeBwelle, bei
entsprechender Anregung zu Resonanzschwingungen im System kommen kann. Diese Reso
anzfrequenz wurde bei dem vorgestellten System wegen der hohen Steifigkeit nicht erreicht.

4. DARSTELLUNG DER MEBERGEBNISSE

Der Verlauf der Drehzahl, des Drehmomentes und der daraus berechneten Leistung ist fiir
den eben beschriebenen Versuchsaufbau im Bild 5 dargestellt. Dabei zeigen die beiden oberen
Diagramme die jeweiligen MeBwerte aufgetragen iiber der Echtzeit.

800 Echtzeit 0° Echtzeit 40°
600 Drehzaht n [17min) n M
L0 T
Drehmoment M [Nm]
Leistung P [kW] o
0
0 02 04 06 s 10 02 04 06 s 1
Zeit t Zeitt
800 - -
Werte klassiert 0° Werte klassiert 40°
600 brehzaht n [17min) M
e n
400 Drehmoment M [Nm] P
200 —— \
Leistung P [kW]
0

0 20 40 60 % 100 0 20 40 60 % 100
Klassenanteile Klassenanteile

Bild 5: On-line-Darstellung und Klassierung

Die bei nahezu konstanter Drehzahl auftretenden Drehmomentschwankungen sind natiir-
lich auch beim Verlauf der Leistungen wiederzufinden. Die Ungleichférmigkeit ist bei einem
Ubertragungswinkel von 40° zwischen Abtriebsstummel und Antriebstummel deutlich sicht-
bar. Das entsprechende Ergebnis ist auch in den unteren Bildern erkennbar. Deutlich wird hier
auch der wesentlich gleichmiaBigere Verlauf der klassierten Werte fiir 0°.
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5. MESSUNG DES DREHMOMENTENVERLAUEFS BEI EINER RUNDBALLENPRESSE

Nach den guten Ergebnissen auf dem stationdren Versuchsstand wurden die Messungen
auf dem Feld fortgesetzt. Dazu wurde mit freundlicher Unterstiitzung durch die Firma Welger
der Drehmomentverlauf an zwei gleich groSen Rundballenpressen unterschiedlicher Bauart auf
dem gleichen Feld, am gleichen Tag, mit dem gleichen Fahrer und der gleichen Fahrge-
schwindigkeit gemessen. Die Versuchsdauer fiir je 3 Ballen betrug etwa 3,5 min. Der Verlauf
der Kurven (im Bild 6) sowohl bei der Presse A als auch bei der Presse B zeigt noch nicht
auf den ersten Blick einen direkt erkennbaren Unterschied.

1000
Yoo

800

Drehmoment / Drehzahl/ Leistung

0 50 100 150 200 250 s 350
Zeit t

Bild 6: Drehmoment, Drehzahl und Leistung in Echtzeit bei zwei verschiedenen Rundbal-
lenpressen 5

Auch wenn man die Kurven iibereinanderlegt, wird nicht unmittelbar ein Unter-
schied sichtbar. Klassiert man aber die gerade aufgezeichneten Werte iiber den gesamten Zeit-
raum, dann werden doch erhebliche Unterschiede deutlich (siehe Bild 7). So ist die Presse A
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gegeniiber der Presse B bei nahezu gleicher Drehzahl im mittleren Drehmoment und damit
auch im Léistungsbedarf um ca. 20 % schlechter. Noch stirker wird der Unterschied, wenn
man die Ballendichte mit einbezieht, die bei der Presse B im Mittel sogar noch um ca. 8 %
hoher lag als bei Presse A.

1000
Yoo
800
700}
Maschine A Maschine B
600 0o [s

500 p
400
300
2001
100

%0 20 30 40 50 60 70 80 % 100

Klassenanteil

Bild 7: Drehmoment, Drehzahl und Leistung (klassierte Werte) bei zwei verschiedenen
Rundballenpressen

Drehmoment/ Drehzahl/ Leistung

6. ZUSAMMENFASSUNG UND AUSBLICK

Mit dem hier vorgestellten MeBdatenerfassungs- und auswertungssystem wird eine gute
Basis fiir die Erfassung von verschiedenen MeBwerten auf mobilen Arbeitsmaschinen am
Beispiel von Drehmoment, Drehzahl und Leistung einer Rundballenpresse vorgestellt. Die
gleiche Ausriistung 148t sich gleichzeitig auch als Regelungseinheit einsetzen, was insbesonde-
re durch den Einsatz des Transputers noch gute Weiterentwicklungsmoglichkeiten fiir die
Zukunft bietet.

S W A e ——
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Summary: At present the agricultural machines and equipment for
plant cultivation can be divided in four main groups.

1) HAND-TOOL IMPLEMENTS

2) DRAUGHT ANIHAL;TOOL IMPLE&ENTS

3) AGRICULTURAL MACHINES WITH ENERGETIC UNITS
4) FULL AUTOMATIC UP-TO-DATE MACHINES

It is generally presumed that at present agricultural
machines from the third and fourth of the above
mentioned items are used in the world. The truth
is somewhat different. For the time being more then
90% of the Third world, mainly the countries with
tropical and subtropical conditions, carry out the
tillage work by the hand-tool implements and draught-
animal tools.

Key words: suitable technology, appropriate technology, full-
Scope mechanization, draught animal technology,
hand-tool implements,
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Introduction.

The main problems of the THIRD WORLD include the very low
technological standard of agricultural production. Measures
taken in the past for increasing the energy saturation of
agricultural production often failed to succeed, because the
principals of ‘“appropriate technology" were not respected.

As to the "appropriate" or "intermediate technology”, e.g.
farming systems corresponding to technico-social conditions and
(above all) economic (financial) possibilities of producers
(farmers), at least four types of technologies or three types
of technological 1levels theoreticaly differentiated by energy
inputs in production can be- found.

These can be: - SPECIAL MACHINERY SYSTEMS (FULL-SCOPE

MECHANIZATION), .
= PARTLY MECHANIZED
- DRAUGHT ANIMAL and HAND-TOOL GROWING
TECHNOLOGIES

°

The trends observed in the agricultural mechanization in
the countries in question subject to the above mentioned
farming levels and, because of the objective need to respect
actual production conditions, aim at gradual changes toward
higher and more effective production stages.

Characteristics of technical levels.

The farm "appropriate tachnology" is used for a ‘certain
stage of development of the method and technology of the plant
growing (developing from subsistance farming up to large-scale
production of commercial crops). At any rate, it means
machinery corresponding to the economic, organizational and
physical possibilities of producers and, at the same time,
acceptable from the sociological point of view.

The practical implementation of the "appropriate technology"
is a prerequisite for removing the food crisis of the Third
World which includes the following partial tasks:

- increase of the areas of cultivated .land

- increase of the soil fertility (irrigation, drainage,

de-salting)

- control of diseases and insects

- rational fertilization

- introduction of new crops and cultures

= removal of illiteracy, adult-education activities

Taking the above shown criteria as well as the fact that a
technological level is mainly characterized by the degree of
energy inputs more or less corresponding to mechanical , animal
and human power spent on growing processes, the following
classification of technological levels can be offered.
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1. SPECIAL MACHINERY SYSTEM T
MECHANIZATION). ECHNOLOGY (FULL-SCOPE

This is based upon heav& dut; i i
_ A avy- Y machine lines the machi
:;goéiﬂtgggzyiyoiagplch link one to another technicall;ugss
: ing a corresponding capacit i
technology suits a lar ' - o it
t : ge-scale form of producti i
intensive or extensive farmi e el
: ; ng, noted for lower i
however, huge production areas. Thére are also fully megg:ii:zé

lines of lower ca i i
S i pacity (Japanese model) working on small-

2. PARTPY MECHANIZED TECHNOLOGY.

The main working pfocesses 1lik oi i
Tk » e soil tillage
:g:lggli;d haryest are executed by tractor ogifated or self-
)] ed machines. All the operations of inter-cultivation

and, very often grain harve
: ) st
simple machines hrawn by animalé.are doue 17 hand togla or by

fertilizing,

3. DRAUGHT ANIMAL TECHNOLOGY.

Tpe main operations such as
gcca51qn, some of inter-cultivatio
vzgggatﬁﬁflement. The' sowing and land clearing (removing old
(implemeng are carried out either by animal drawn machines
proma n l or Py hand tools, the rest of the working
b loweis;n2¥;;Udlq? 2?rvest, are hand-tool. This technology is

¢ Output character having its b i
operations considerably limited in it Sertd it
: . Manurin ilizi
well as chemical weeding is rarely pract?éegaSlc fertilizing as

soil preparation and, on
N are executed by animal

4. HAND-TOOL TECHNOLOGY.

The number of workin
. 9 pProcesses of enormes reduced
?:i;c(?f:ggsgzis_i;::dth?t iﬁn be: old vegetation removf:gsggg
e, “Planting (combined eventuall i
gg:ggfg‘migrrlng), hoelng./weeding, harveét, drying aia z;:ﬁ‘
by ddgé i technologyvflnds on the lowest energy input stage
: do not enable the peasant to cultivate large areas Igs

5.
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DEVELOPING TRENDS WITHIN SEPARATE FARMING SYSTEMS.

It is. possible divide this study acording to . continents.
First of all it is necessary to consider all conditions, which
means economics, social and political conditions which
influence culture and standard of life in all the countries of
the world. In this article we turn our aim to the specific
subject, namely how and which agricultural machines are used
takening into account the factor of technology which is used on
the particular continent.

AFRICA: Is the largest continent in the world. Regarding to
agriculture, Africa is influenced by its position from the
equator and the climat is mainly influenced by the sea. Typical
for North and South Africa is the Partly Mechanized Technology
and  Draught Animal Technology (45%). The Hand-Tool Technology
is used in 42% and the Special Machinery System Technology is
used as well, mainly harvesting machines and some technologies
for post-harvest technology and storage.

Trends until 1999 are that the present situation will
not change much, only rich countries will. up-date farm
equipment, machines and technologies.

For "Equator Africa" and countries without the sea is
typical the Draught-Animal Technology and the Hand-Tool
Technology. Occasionally simple energetical units as simple
small tractors or some stationary I.C. Engine are used. It
seems that the situation will not change much.

Agriculture in Africa needs subsidies so that the food
crisis of this continent will be solved.

AMERICA: North America is known as a continent where in
agriculture and food production up-to-date machines and
technologies are used which are present in the group of the
Special Machinery System Technology. The named machines and
technologies are not only with high efficiency and economical,
but their design corresponds to environmental requirements as
well. ]
Central and South America correspond as to agricultural
conditions with Africans conditions. The Draught-Animal and the
Hand-Tool Technologies are typical for this continent (70%).
Only in Mexico and Brazil are tillage and harvest works carried
out by the Partly Mechanized Technology (25%), and occasionally
some machines from the Special Machinery System Technology are
used mainly in the post-harvest technology, stordge and food
production technology. )

Good perspectives to improve the agriculture have mainly
Mexico, Argentine, Brazil, Venezuela '‘and Panama.

ASIA: Asia is again an area where ninety percent of all
agricultural production is performed in tropical and
subtropical conditions. From 70% to 80% of all agricultural
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Tiefgrubber als auch der Frase in der Mischwirkung deutlich
unterlegen. Er kommt deshalb fir das Stroheinarbeiten bei der
Stoppelbearbeitung kaum in Betracht. Die nackte
Bodenoberflache fordert die Bodenerosion. Man kann sich
durchaus fragen, weshalb trotzdem auf nahezu allen Betrieben

heute noch gepfligt wird.

Nun, der Pflug Ubertrifft auch heute noch alle anderen
Bodenbearbeitungsgerdte in der Wendewirkung. Das fordert die
Vernichtung von Unkrautpflanzen. Man muf deshalb fur pfluglose
Verfahren mehr Herbizide einsetzen oder in einer Bracheperiode
durch mehrfache Bearbeitung das Unkraut vernichten. Gegen
Durchwuchsgetreide hilft meistens nur die letztgenannte
Methode. Der Pflugersatz durch Tiefgrubbern oder Frasen hat
auch oft zur Folge, daB Vorfruchtreste - wie z. B. das Stroh -
im Saatbett verbleiben. Dadurch kann sich der Feldaufgang
verringern (Bild 1). Denn erstens hat das Stroh bei allen
saverfahren mit hdohenbeweglichen Scharen zur Folge, daf die
Tiefenablage der Samen ungleichmépiger wird. Zweitens kann
Stroh die Wasserabgabe vom Boden an die Samen behindern.
Drittens und nicht =zuletzt werden bei der Zersetzung des
Getreidestrohes chemische Verbindungen wie Phenole oder
Essigsdure frei, die den Keimvorgang, die Wurzelentwicklung
und die Entwicklung der Jjungen Pflanzen behindern kdnnen (1).
Diese negativen Auswirkungen des Getreidestrohes im Saatbett
treten insbesondere dann auf, wenn sehr kurzfristig nach der
Vorfruchternte bestellt werden mup und danach reichliche
Niederschlige eine schnelle Zersetzung des Strohes einleiten.

Bei spat gesatem Wintergetreide und insbesondere beil
Sommergetreide treten Schaden durch Strohabbauprodukte
wesentlich weniger auf, da diese dann bereits groéptenteils

ausgewaschen sind.

uch wenn’ das Stroh nicht abgerdumt wurde, kann eine
gleichmaBige Saattiefe mittlerweile aber bei Frassaat erreicht
werden. Auf héhenbewegliche Saschare muf dann aber verzichtet
werden und stattdessen die Samenablage durch eine iber die
Frassohle schleifende, pneumatisch beschickte Breitsdschiene
erfolgen (Bild 2). Die Samenablage direkt auf der Frassohle

beginstigt bei diesem Verfahren den Feldaufgang.

el

-~ Pflanzenschutz

Dieser Bereich hat in der Vergangenheit im erheblichen
Umfang zZu Ertragssteigerungen und gleichzeitig zZur
Verringerung des Arbeitsaufwandes beigetragen. Ihr 4;ist aber
auch zuzuschreiben, daP heute die Landwirte von einem Teil der
Gesellschaft als Giftmischer und Giftspritzer angesehen
werden. Flr die Zukunft gilt es, mdgliche negative
Auswirkungen zu verringern. Ansitze dazu bieten Techniken fir
die Direkteinspeisung von Praparaten in Pflanzenschutzspritzen
nach dem Durchlaufverfahren, Leiteinrichtungen fir den
Spritzschleier (2) und fiir die fernere Zukunft auch die
Steuerung der Applikation durch Lichtsensoren (Bild 3).

Mineraldiingung

Auch hier wird es fiir die Zukunft darauf ankommen,
gezielter als bisher entsprechend qem variierenden Bedarf zu
applizieren. Das gilt insbesonder fiir Regionen mit wechselnden
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Bodenverhaltnissen und grofen Schlagen. Im einzelnen g%bt es
natiirlich viele Kriterien, an denen die Nahrstoffapplikation

sich orientieren sollte, wie z.B. Fruchtart, Bodenart,
Ergebnis der Bodenuntersuchung und nicht zuletzt der Entzug an
Nédhrstoffen durch die Vorfrucht. Zumindest far die
entzugsorientierte Dingung der zukunft zeichnet sich ein

Verfahren ab, das den wechselnden Bedarf innerhalb eines
Feldes automatisch beriicksichtigen kann.

Grundlage diese Verfahrens kénnte zundchst eine automatische
Positionsbestimmung von Landmaschinen innerhalb eines Feldes
durch Funkortung mittels .Satelliten sein. Diese Funkortung
basiert auf Trilateration iber Laufzeiltmessung der
Funksignale. Die Empfangsgerate fiir diese Funkortung werden
bereits auf dem Markt angeboten. Spatestens ab 1993 sollen
geniigend Satelliten die Erde umkreisen, so dapB ab dann zu
jeder Tageszeit wund an Jedem Punkt der Erdoberflache die’
Ortung mdéglich ist (3, 4, 5).

Wenn nun die Erntemaschine mit einem Empfanger fir die
Funkortung und dariiberhinaus mit einem Gerat fiir eine standige
Durchsatzmessung ausgeriistet ist, kénnte man diese Daten
einander zuordnen. Ein Rechner koénnte eine Feldkarte mit dem
positionsbezogenen Ertrag erstellen und die dazugehdérigen
Daten speichern. Mit Hilfe dieser Daten kénnte dann eine
Feldkarte fir eine positionsbezogene, entzugsorientierte
Dilngung der Folgefrucht erstellt werden. Wenn dann auch die
jeweilige Position des Diingegeridtes im Feld erfaft wird, ware
eine rechnergesteuerte Dingung nach Entzug der Vorfrucht
méglich (Bild 4). ;

Ernte von Kdérnerfriichten

Hier steht fiur die Zukunft die Frage an, ob Méhdrescher

mit TangentialfluR-Dreschwerken wie bisher das Feld
beherrschen werden oder ob Gerate mit Axialflup-Dreschwerken
sich durchsetzen kénnen. Bekanntlich ist bei den

Axialflupgeraten die Kornabscheidung duch das Dreschwerk
wesentlich hdher und deswegen kein Schiittler vorhanden.

Fiir die Wirtschaftlichkeit des Mahdrescher-Einsatzes ist von
groBer Bedeutung, ob ein hoher Durchsatz mit vergleichsweise
geringen Kornverlusten erreicht werden kann. Die
Durchsatz-Verlustkurven sollten also flach verlaufen. Nur dann
ist es mdglich, geringe Verluste und hohe Flachenleistungen zu
kombinieren. Interessant ist dabei der Vergleich des
Tangential- und Axialflupdrusches fiir verschiedene Frichte
(Bild 5). Bei der vergleichsweise trockenen Wintergerste fiuhrt
der AxialfluBdrusch o auBer im arbeitswirtschaftlich
uninteressanten unteren Kurvenbereich = zu glnstigeren
Ergebnissen (6). Beim Raps ist die Situation umgekehrt. Der
Tangentialflufdrusch ermdglicht bei gleicher Verlustquote
annihernd einen doppelt so hohen Durchsatz. Der Grund fir das
schlechte Ergebnis des Axialflufdrusches ist im wesentlichen
darin zu suchen, dap das Rapsstroh durch das Dreschwerk zu

stark zerschlagen wird. Die Stroh-Kleinteile gelangen
teilweise mit auf die Reinigungsanlage und erhéhen die
Reinigungsverluste. Dieses Problem der Reinigungsverluste

entsteht im Ubrigen bei allen Mahdreschern, die das Rapsstroh
star¥ zerschlagen.

wiir die Rapsernte sollte man also beim
Tergentialflup-Mahdrescher mit Hordenschiittler bleiben.
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Ahnliches gilt auch dort, wo nicht trockenes, sondern oft auch
feuchteres Getreide mit Griingutanteilen =zu dreschen ist (7).
véllig anders ist die Situation dort, wo die Ernte von
Kérnermais oder Maiskolbenschrot im Vordergrund stehen.
Speziell fiir diese Friichte haben die Axialflup-Mahdrescher
sich als tberlegen erwiesen. Es ist sicherlich kein Zufall,
wenn die Axialflup-Mahdrescher sich bislang vor allem im
Maisglirtel der Vereinigten Staaten einfihren konnten.

Ernte von Speisekartoffeln

Zwecks Minderung von Kartoffelbeschadigungen ist der
Wechsel von der einphasigen zur zweiphasigen Ernte durch die
Gerdtefolge Schwadleger-Schwadsammler von Interesse. Ublicher-
weise wird dabei der Schwadleger am Vormittag und der Schwad-
sammler am Nachmittag eingesetzt.

Betrachtet man die Kartoffelbeschiddigungen (Bild 6), so zeigt
sich, dap diese sehr deutlich von den Kartoffeltemperaturen
abhingig sind (8). Die einphasige Ernte am frithen Vormittag
filhrt =~ zu Beschadigungen von knapp 40 %. Mit steigender
Tageszeit und gleichliufig steigender Kartoffeltemperatur im
Damm sinken die Beschiddigungen bis zum spadten Nachmittag auf
rund 6 %. Bei der =zweiphasigen Ernte werden die Knollen
zwangsldufig sowohl durch den Schwadleger als auch im
Schwadsammler beschidigt. Die Knollentemperatur im Schwad ist
aber - bei gleicher Tageszeit - immer etwas hdher als im Damm.
Die Folge ist, daB die Gesamtbeschddigungen bei der
zweiphasigen Ernte auf &hnlich niedrigem Niveau liegen wie bei
der einphasigen Ernte am Nachmittag. Wir haben alsc zweil
Méglichkeiten fur die Ernte mit geringen Beschadigungen,
nadmlich entweder die zweiphasige Ernte in der iblichen
Zeitfolge oder die einphasige Ernte 1lediglich bei hdéheren
Knollentemperaturen. Das Problem ist, daB die einphasige Ernte
lediglich bei héheren Knollentemperaturen als Folge der
zeitlichen Einschrankung in der Regel zu teuer wird. Das
Sammeln und Laden der Kartoffeln bei héheren
Knollentemperaturen kann zweiphasig billiger erledigt werden
als einphasig. Hinzu kommt, daB die zweiphasige Ernte bei
dunklen Bdden als Folge des Antrocknens der Knollen im Schwad
zu einer besseren Erdabscheidung und damit zu helleren Schalen
fihrt. ’

Ernte von Grinlandfutter

Die Feldtrocknung des Futters f£fir die Bégrbeitung von
Konserven wie Welksilage oder Heu muf beschleuntigt werden,
damit weniger Verluste auftreten.

Es ist seit langem bekannt, daB man durch Quetschen, Knicken
oder Anschlagen des Futters die Trocknung bei gutem Wetter
beschleunigen kann. Technisch ist diese Aufbereitung kein
Problem. Ein Problem sind aber bislang die bei sehr intensiver
Aufbereitung entstehenden kleinen Futterteilchen. Diese
kleinen Futterteilchen werden durch die Zinken der Rechgerite
und der Pick-up Trommeln an den Erntegeradten nicht erfaft.

Vornehmlich aus diesem Grunde ist die ‘sehr intensive
Aufbereitung in der Praxis nie eingefiihrt worden. Stattdessen
wird bislang in der Praxis: mit geringer Intensitat
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aufbereitet, wodurch einerseits zwar Verluste an Kleinteilen
weitgehend vermieden werden, andererseits aber auch die
trocknungsbeschleunigende Wirkung der Aufbereitung sich

verringert.

Der Wunsch, die trocknungsbeschleunigende Wirkung einer sehr
intensiven Aufbereitung ohne hdhere Verluste an Kleinteilen zu
erreichen, ist vielleicht durch die sogenannte Mattentrocknung
su verwirklichen. In diesem Fall wird das Futter nach dem
Mihen zunédchst sehr intensiv aufbereitet und danach in eine
diinne Matte gepreft, in der die Kleinteile vor allem durch die
klebende Wirkung des zellsaftes festgehalten werden. Die 3 Dbis
5 mm dicke Futtermatte wird dann auf den Stoppeln fir die

Feldtrocknung abgelegt (Bild 7).

Es gibt bislang lediglich Versuchsgeradte fiur dieses neue
verfahren der Futtertrocknung (9,10,11). Die Trocknungsge—
schwindigkeit derartiger Grasmatten unter norddeutschen Ver-
hiltnissen zeigt Bild 8. Bei voller Ausnutzung des taglichen
Trocknungspotentials inclusive der spéaten Vormittagsstunden -
die in Bild 8 nicht periicksichtigt sind - ist die Bodenheu-
trocknung innerhalb eines Schénwettertages mdglich (11). Das
wire im Vergleich zur bisherigen Situation ein erheblicher
Fortschritt, der weitere Bemilhungen um ein praxisreifes'Verfah-

ren sicher rechtfertigt.

Sensoren und Aktoren

In allen Produktionsrichtungen wird kiinftig der rechner-
gestiitzten {yberwachung, Steuerung oder Regelung von, Gerdte-
funktionen grofe Bedeutung zukommen. Es geht dabei um die
intelligente Verknipfung von Sensor—- und Aktortechnik (Tab.2)
mit dem Ziel, die Qualitat der Maschinenarbeit durch sténdiges
Optimieren der Geriteeinstellung wahrend . der Fahrt zu ver-—
bessern. Denn die bisher vorherrschende gleichbleibende
Maschinenarbeit innerhalb eines Schlages beriicksichtigt nicht
die grofe Variabilitat der Bodenverhaltnisse und des Pflanzen-—

bestandes.

Extensivierung oder Intensivierung der Produktion

Die Gesellschaft erwartet bekantlich von den Landwirten
einerseits eine preisglinstige Versorgung mit Lebensmitteln,
andererseits aber auch mit steigender Vehemenz mehr Einsatz

fiir den Erhalt der Artenvielfalt in der Flora und Fauna. Viele

Menschen gehen davon aus, dap im Zeitalter von Agrariiber-
schiissen die allgemeine Extensivierung der Flédchennutzung
ndétig sei. Sie ibersehen dabei, dap diese allgemeine Exten-

sivierung die Kosten je Produktionseinheit erhdht. Eine
stirkere Differenzierung in der kiinftigen Landnutzung wird
vermutlich eher auch die vielseitigen Wiunsche der Gesellschaft

erfiillen kdénnen. Auf intensiv genutzten Flachen - die mit
moderner sensorgesteuerter und damit auch umweltschonender
Agrartechnik bewirtschaftet werden - koénnen preiswertere

Nahrungsmittel erzeugt werden. Diese Fléchen bilden gleich-
zeitig die Voraussetzung dafiir, daB im erheblichen Umfang
zusidtzliche Fléchen als Naturschutzgebiete verflgbar werden
und dadurch fir die Erhaltung der Artenvielfalt in Flora und
Fauna giinstige Vorbedingungen entstehen.
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Bild 9:
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Die moderne . Agrartechnik kann insofern auch sehr wesentlich
dazu beitragen, daB die Verséhnung von Mensch und Natur
gelingt.
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MODIFICATION OF THE SENSOR FOR CONTINUOUS OBSERVATION OF MILK
CONDUCTIVITY OF QUARTERS

M. HEVR - R. JANAL

University of Prague, 160 00 Prague 6, Czechoslovakia
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The two-electrode method is used above all with measuring
of electric conductivity of jonic liquids(for example agricultu-
re products juices,milk and othfrs)the conductivity of which is
tenth to hundredth part of S.m in order.The big disadvantage
of this method is the fact that during measuring we must take
account of the contribution of complex impedance arising at the
boundary between the electrode and the electrolyte.Unfavourable
influence of this complex impedance,mainly capacity of electrical
double layer,is also made in a higher extent during measuring of
physiologic liquids (milk as well).

Another disadvantage of this relative two-electrode method
is necessity of measuring system calibration which is mostly ma-
de through the salt (NaCl,KCl)solutions with known conductivity
and if it is necessary in dependence on temperature as well.Ho- -
wever,the measuring element resistance constant obtained in this
way can be changed substantially with the influence of electrode
deformation,with the changes of their surfaces and with fact that
temperature courses for physiologic solution does not correspond
to.temperature courses of calibrated solution as a rule.The met-
hod of conductivity measuring through four electtodes with double
immersion would eliminate most of these inefficiencies in relati-
vely wide scope of measuring.

2. FOUR-ELECTRODE METHOGD

In the first place the method was developed for surface con-
ductivity measuring of semiconducting materials at the research
laboratory of the Philips firm.Then it was modificated for elec-
tric conductivity measuring of ionic liquids with the fact that
it is measured with two various immersions of the electrodes.It
is the absolute method which does ngt require the calibration.
With this method the influehce of phase boundary impedance and
the influence of capillary and skin effects as well are excluded
fully. :
The principle of this method consists in the fact that while
alternate electric current with suitable frequency is led through
one couple of electrodes,the potencial of the electric field pro-
duced by this current is measured by the uther couple of electro-
des.Considering that no current flows through the elctrodes sen-
sing electric potencial(provided high input resistance of measu-
ring device),nor the influences of interphase boundary are made.

The measuring with this method consists in the fact .that du-
ring one immersion of the electrodes the voltage U, of the elec-
trode couple with the current I flowing through t%e opposite
electrode couple is measured (qu.l).In next gtep the electric
orientation of the electrodes is turned by 90~ and the voltage
U. with the current I, is measured.First from thus measured va-
1fes the partial residtances R,=U,/I, and R =U2/I will be calcu-
lated,from which the average vélu of the rgsista%ce R with the
immersion A will be calculated.

The change of the electrode orientation was brought because
in this way it was possible to a considerable extent compensate
the irregularity in geometrical arrangement of the electrodes.In
next step thé electrodes are immersed into the liquid more deep
by the valuepW and the measuring is repeated in the same way as
above.The result with the deeper immersion B is the average value
of the resistance RB calculated in the same way.

The conductivity of the measured liquid is then calculated
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‘according to the equation which was derived 727 in the form

2y R
. A* B.AW

It is interesting that only the measured resistances RA,R and
the immersion aW are found in the equation.Thus no dimens?onal

parameters of sensing element presented for example with the
all-determinating constant C.

3. VERIFICATION OF THE METHOD AND EVALUATION

Certain reductions arise with application of the mentioned
method for milk condﬁctivity measuring.Most of all it is unthin-
kable to solve technically double immersion of electrodes with
building the sensing element in milk-milk collector.The electro-
des are firmly built in one place to be as far as possible con-
tinuously. immersed into milk during milking.Thus we obtain only
one average-value of the resistance R by the contemplated appli-
cation.We pay for this simplification of the method the worth of

" the fact that the method looses its character of absolute measu-
ring method and it becomes relative method.Thus the necessity of

the calibration is not dropped and the equation is reduced to
the form *=C R-l

Nevertheless ali other advantages of this method stay valid:
i.e.exclusion of the influence of phase boundary,the influence
of capillary and skin effects and others.

To verify this method we carried out measuring with 2-4-elec-
trode sensing elements during various measuring frequencies and
with regard to surface damage of their electrodes.For economical
reasons the electrodes were produced from carbon rods with the di-
ameter of 3 mm and they were placed in axial distance of 5 mm
each to other.While the significant frequency -dependence is evi-
dent and the surface damage influence on the constant C (Fig.2)is
considerable with the two-electrode sensing elements, the frequen-
cy dependence is substantially more acceptable and the surface
damage influence on the constant C is negligmbe(Fig.B) with the
four-electrode sensing element.

4. CONCLUSION

The practice demonstrated that the sensibility to blocking
of milk fat and miscellaneous impurities decreased with a ground
electrode surface of the four-electrode carbon probes connected
as the two-electrode sensor,but the constant C started changing
in some cases:therefore it was necessary to check the value of
the constant C every two months with permanently built-in elec-
trodes and their dipping in milk and cleaning solutions.

To prove the decresion of this influence the surface of the
four-electrode sensor was demonstratively "modificated"in such
.a way that the carbon end was cut by a metal saw and this unfiled
Sensor was measured.The change in the whole scope of the frequency
dependence was less than +3% from original value.

Thus the measuring proved high suitability of the used method
and especially in operation when the electrode surface damage
cannot be often prevented.Simultaneously the surface influences

Clivmd
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The density distributions were obtained for endosperms of three varieties of
Triticum aestivum of two protein contents. The measurements were performed
on samples of rectangular parallelepiped form by direct method. The rheological

" properties were measured on this samples, too, by deformation tests. Pycnometric
density was measured on whole grains. The characteristics studied reflect phenomena
accompanying the vitreosity changes and protein §torage. '

wheat endosperm; density distribution; vitreosity; rheology; protein storage

1. INTRODUCTION

Material structure and chemical composition are responsible for material density. The
density of cereal endosperm depends on variety, climate, plant nutrition and weather at the
time of seed development and ripening [3,5]. The density is influenced by grain vitreosity.
Grain hardness and other physical properties are influenced by both of them even if the
cause of this dependence is not quite clear. The technological properties can be changed,
t00. Our research notices some phenomena connected with the mechanism of vitreosity
changes and protein storage in grains.

2. MATERIALS AND METHODS

The measurements were performed on three Polish varieties of wheat, Liwilla, Grana
and Panda (all T.estivum). The wheats were grown ina field near Lublin. Two levels of
NPK fertilizing (N:P:K=1:10.8:1.2) were always applied to evoke two different protein
contents in the seeds. 250 or 750 kg/ha was dosed. The grains were harvested manually and
stored in an unheated room in the Institute. Grain water content was 1.1 - 1.6 % at the time
of experiments. The pycnometric density of the whole grains were measured in toluene.
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About 20 g samples composed of about 460 seeds were used. The endosperm density of
individual grains was calculated from the weight and dimensions of rectangular
parallelepiped samples cut from the seeds with the help of an adapted slide microtome.
The dimensions of the samples were 2.689+0.234 x 2.37+30.108 x 2.023+0.109 mm. They
contained about 60% of the seed original volume. The distribution functions of the
endosperm density were calculated (the order statistics was used) in the following way:

In asample group of the size n were m<n samples of the density p<pp, and

n-m+1 samples of the density p=pp,, where Pm is the m-th density from the boitom if they

are arranged in increasing magnitude. The cumulative probability of occurrence the density
P<pm Was statistically estimated by the relation

Pp ( p<pm) = [F(p<pm) + 1 - R(p=py))/2 = (m-0.5)/n (1)
where
F(p<pm) = m/n; R(p=ppy) = (n-m+1)/n

The appearance of each endosperm rectangular sample was visually estimated as

mealy, vitreous or intermediate. Then mean vitreosities v were calculated for all
materials tested from the formula

v=(0.5nj +ny)/(ny, +nj +ny ) 2)
where np, , nj , ny are the numbers of mealy, intermediate and vitreous samples,

respectively, in the sample group. Protein content was taken by Kjeldahl method (using a
factor of N x 5.83) for the whole grains only, not for the samples. The characteristics of
rheological properties were taken from the pressure deformation curves of the rectangular

samples deformed between parallel plates. Instron testing machine was used at the cross head
rate of 5 mm/min.

3. RESULTS AND DISCUSSION

The experimiental distribution functions of the wheat endosperm densities of Liwilla
and Panda of both protein contents are shown in Figs. I and 2. There were less
differences in the grain protein contentin the wheat Grana and the appropriate
distribution functions are also less different.

1.0
0.84 wheal variety : Liwilla Fig. 1. Endosperm density
- distribution
S |  guinprotein content : of winter wheat
< 0.6 0 10.0%
-] ° 11.5%
=
£ 0.4
-
S J
B
0.2
0 3
1150 1200 1250 1300 1350 1400

Endosperm density p in kg /m3
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v Fig. 2. Endosperm density
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=2
S 0.4
2
S 4
= 0.2

=T =
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The pycnometric densities are given in Tab. 1. The portions of endf)§perm sampllles .
of diverse appearance and their mean densities are in Tab. 1. Th_e mean fler.lsmes gf tpe A ga
endosperm itself from the grains of various protein content differ statistically significantly
on the 5%level. o . _ ‘

The standard deviations of three repetitions of thp pycnometric. density i
measurements of whole grains are small. The means obtained can be taken as population
values.

Tab. 1. Protein content and pycnometric density of wheat grain; .
Means and standard deviations are given .

Variety | Proteins content | Pycnometric density
% kg.m'3
iwi -10.0 1348+4
Liwilla 0 i
Grana 114 1365+1
13.1 " 135320
Panda 114 13266
132 1350+0

The influence of density and protein content on rheolo_gical propf.:rties,, that are qu—
wen in Tab. 3., is the best evident in the wheat Panda. The dlffere_nces in the cl}araptfens-
tics shown are statistically significant at 5% confidence level, wnp the excepgf(;n o
"Young's modulus. The other two varieties manifested less and qonsxgmﬁcant differences.

Voo .
It was possible to describe well the cumulative distributions of -éndosperm density by

_three-parameiric regession function

1- k@) for p2pmin )
Ph(p) = : : ®
0 for p<pmip




Tab. 3. Rheological properties of wheat endosperm .
Means and standard deviations are given .
E - Young's modulus, Gp - pressure strength limit, o] - pressure stress at

Tab. 2. Wheat endosperm density and vitreosity .
Means and standard deviations are given .

(“:Eety 22 linearity limit
n proteins 100 % ' 115 % nearity imit, ;
- % i i imi - tive deformation
Vitreos.,Dens. 26 % mean 133530 kg md | 44 % mean 1364222 kg3 ep- relative defo.rm'auon at pressure strength limit, €] - relative
Appearance mealy inter- vitreous mealy inter- vitreous at linearity limit . )
- mediate i mediate
Pmpt?mon %__| 47 53 0_ 13 85 2 Variety
Bgzsny kg.m3 | 1306433 | 1360223 | - 1338220 | 1368219 | 1367 Liwilla — o
ety Grana Protein content 10.0 % .
Grain proteins 114 % 13.1 % E [MPa] 488 =102 514 =102
; ' 1569 29213
Vitreos.,Dens. 50 % mean  (356434kpm3 | 48 % mean 1360431 koo Gp MPa] 2526
Appearance mealy inter- vitreous mealy inter- N——g——lm“s G, MPa) 0.0566 = 0.0229 0.0579 = 0.0180
. mediate mediate [1] 15050 16.2£6.2
Proportion % fp 05 2%6.
b r— . 2 3 8 87 5 g [1] 0.0336 = 0.009 0.0345 + 0.0108
ensity kg.m™ | 126329 | 1360428 | 1371+10 1322334 | 1372427 | 1383225 Variety
Variety Panda Geana
(3;':;1; [sml))tems 114 % 13.2 % Protein content 114 % 13.1 %
.,Dens. 42 % mean 1332452 kg.m‘3 64 % mean 1363 kg.m—3 E [MPa] 557 £ 112 527 =111
Appearance mealy inter- vitreous mealy inter- vitreous 10, o [MPa] 27484 28.7+95
mediate di
i P 0.0623 = 0.0156 0.0616 = 0.019
Proportion % 49 18 133 19 35 76 Gy [1\14 a)
Density kg.m-3 | 1297438 | 1331249 | 1385218 1322255 | 135828 | 1383222 ‘p i X 1 0171 08468 .
£ 0.0421 £0.0144 0.0410 = 0.01.
Variety
if it was x 21 and by two-parametric one Panda TP TR
Protein content E £
P =i E [MPa] 584 + 127 605 = 109
h(P)=1- ®(v) for p=0 @ o, MPa) 4122154 4982116
e ; . . 1o 0.0877 + 0.0302 0.0992 = 0.0269
:jf'm';he' pre;nous regression analysis step k < 1 was obtained. ®(u) is the normal Epl [[h:l;a ] 2032112 35.6 = 10.9
istribution function. : . 35. 9.
g [1] 0.0556 + 0.024 0.0649 + 0.0228

The variable u has the following significance

1 p-1l/pg The distributions are skewed right. Left and right skewed distributions were also
U= In obtained by other authors (e.g. [6]). )

) 1/p - 1pgy

‘It was possible to analyse the endosperm densities of 11.4 % protein Panda with the
use of Egs. (3) and (4) afier leaving out the apparenily anomal points. In fact, the
distribution is bimodal. The phenomena which form the cause of uneven vitreosity (there
were often islet mealy regions in this endosperm ) are probably responsible for the
bimodal distribution function. This variety formed very few grains of intermediate
appearance. Protein content plays without doubt an important role in the mechanism of
appearance changes as the distribution anomaly does not appear in more protein grains.

where: p - mean endosperm density
po - extrapolated density of nonporous endosperm
8h - standard deviation of logarithmic expression which it follows

Pmin - Minimum density at which k¥ ®(u) = I.

Coefficients of correlation where always higher then 0.99.
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The samples originating in more protein grains of the same variety are more dense

" even if the protein density is lower than that of starch (about 1320 and 1500 kg/m3,
- respectively, by flotation measurements [4]). This denser endosperm must contain fewer air
pores which scatter light and cause mealy appearance. The endosperm appearance of wheat
Grana was mostly intermediate and practically was not influenced by grain protein content.
The trends.in density changes with protein content in the whole grains are opposite to those
it_l the rectangular samples for this variety. Explanation should be probably searched for in
variety distinctions in the form of protein storage in grains. At the higher level of nitrogen
fertilizing there were less pores formed in wheats Liwilla and Panda. Judging from the
appearance Grana endosperm contained more protein at the lower fertilizer level. At the
higher level pf fertilizing protein was probably preferentially stored in outer endosperm
layers, aleurone and subaleurone, not present in the rectangular samples. *

The rheological properties are influenced by protein content in a complicated way.
Both rheological properties of protein itself and its interaction with starch in endosperm
structure and the influence of protein content on pore size and number in unit volume play
an important role. Rather different results obtained here for various materials and also our
earlier results [1,2] support this statement. Some increase of all rheological characteristics
given here was always obtained with density if the individual sample data were treated.
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EVALUATION OF THE PROPERTIES OF POLYMER COMPOSITE MATERIALS
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This study:contains results of acceleration tests of com-
‘posite Taboren PH 41C40 (without blowing agent and with
blowing agent) simulating the microclimate of stables,
mainly the influence of gas environment, during cyclic
regime of moisture and temperature. The influence of the
environment on the composites was evaluated by the change
of tensile strength, elongation, impact strength and modu-
lus of elasticity. The tested composites exhibited a good
resistance in the environment, mainly composite with blo-
wing agent NaHCDB. v

composites in the livestock sheds; degradation of the
composites; laboratory testing of composites; climato-
technology.

1. INTRODUCTION

The development of synthetic materials, mainly plastics |
and composites considerably outdistance the development of cla-
ssical materials. In the coming years its application as repla-
cement of structural material is to be extended as replacement
of structural materials and that mainly in engineering, buil-
ding, electronics, farming and packing technologies. As the
development of the basic types of plastics has been practically
completed and it is not expected that new types. of plastics
will be applied in industry. Studies are directed mainly to the
improvement of new types of plastics, the improvement of the
properties of the plastics and their combination with classical
materials. For these reasons for the design of. suitable mate-
rials in the aggressive environment of livestock farming are of
great importance corrosion tests of plastics and composites
evaluating the changes of their properties/1,2/.

s

2. PROBLEM ANALYSIS

Above all in the field the filling of plastics has becomey  **
in the recent years, the aim of research and it can be stated
that it has been found that in many respects significant re-
sults have been reached. Additives dispersed in the polymer




matrix essentially influence the molecular or chemical structure

of the polymers and thus the resulting properties of the products,

mainly strength properties, but alsﬁ shape constancy with higher

temperatures, thermal expansion, permeability of steam and gases
+ etc. = '

The effect or effectiveness of the respective additives is
decided, besides by its properties, also by the degree of their
representation in the polymer matrix: In many cases this does
not-mean that the highest degree of ,dispersion of the additives
in the matrix should be reached, but-only a certain degree of
mixing, which is the most suitable for the maximum utilization
of the additive function.

Interaction of the filler or the reinforcement with poly-
mers influence these physical properties /3/:

modulus of elasticity - fillers and reinforcement increase, the
modulus i.e. reinforcements more than fillers;
tensile strength - reiforcements increase it, fillers decrease it;

impact strength - reinforcements can increase and decrease it,
fillers decrease it;

temperature properties - fillers as well as reinforcements
- ‘improve it;

shrinkage - fillers as well as reinforcements decrease it.

Additives are used above all for thermosetting resins of
the phenoplasts and aminoplasts for. synthetic rubber and in some
cases also for polyolefines (polyethylene and polyprophylene)
for which, however, additives were used only to a limited extent.
Among the important additives rank (e.g. kaolin, slate powder,
CaC0), when using 10 % of the weight they improve many physical
propérties of the polyolefines, the damp resistance and atmo-
spheric ageing.

As compared to other materials the plastics-and composites
have a greater resistance against corrosion. Therefore they have
become not only a significant structural material, but also
protection material against corrosion of metals, wood, building
materials etc. Information about the corditions when. the depre-
ciation of the polymers occurs and the evaluation of corrosion
by the change of mechanical properties,is very important. The
study of the corrosion of plastics has already led to many fin-
dings, which enable the choice of plastics for generally valid
environments. :

B.DoleZel /4/ reached the conclusion that each polymer
- requires special conditions and a combination of environments
which most suitably model the acceleration tests.

Problem in the selection of structural polymer materials
occur mainly during their application in the aggressive envi-
ronment of sheds. Here a higher degradation effect must be taken
into consideration, due to the gaseous components in the micro-
climate, the most important of which are amonium, carbon dioxide
and hydrogen sulphide. In the tests, the thermal-humidity regime
must also be taken into consideration /5/. The influence of the
degradation factors on the corrosion and ageing of these poly-
mer materials has not yet been sufficiently investigated yet
and only a few studies deal with this problem /6/. And there-
fore accelerated laboratory model tests have their justifica-

. tion, which enable a quick determination of the suitability of

i tion is evaluated
i materials. The degreeiof degrada
ﬁhetxgrég:ﬁged mechanical properties of the polymers, exposed
i% time intervals in the model environment.

3. MATERIAL AND METHODS

i rrosion resis-
im of -the research was to determine co S :
tanceTE? 2;e composite Taboren -for the apgllc:t;ggiégda%¥%zzxse
it wa
environment of sheds. For_these reasons e T
dation of composites by the ghange o ech
gggt?zgrsf the test specimens placed in a climatizing chamber.

Two types of composites were chosen for the tests:

- Taboren PH 41C40 (polyprophylene + 10 % weight micro-
ground calcite CaCU});
Type II.- Taboren PH 41C40 + 1 % weigth NaHCU3 (blowing agent) .

Type I.

i by an injection
tandard test specimens were produged ]
mould?ng press CS 195/100-1 in the chemlcal plant 51}02 zéaném_
nad Luznici a total of 210 test specimens, out of whic co
parative specimens. s
i i i i limatizing
simulated microclimate was cregteq in a c )
chambgr by continual dosing of gases 1n.1ncreased concent;a?ion
as compared to reality and w%th a cyc}lc tempe;ature—hum;glyg
regime (temperature 20 to 40 °c, relative humidity 75 to %) .

-3
Hydrogen sulphide HZS . . . . 40 mg.m_3
Ammonia NH3 F R & 1 mg.m_
Carbon dioxide 002 $E @ w ® 45 g.m

efore the tests were started the mechaplcal properties
of thz composites were measured. The exposition of t:eftes;a
specimes in the above mentioned microclimate were se€ 52rda .
days with 5 samplirgs: 1. - after 28 days; 2. - aftgg 4 ys;
3. - after 70 days; 4. - after 84 days; 5. - after ays.

At every sampling the following mechan}cal properties were
determined: ¥ensi?e strength Gt and elongation & (ygNtEE Sgﬁgr.
SN 64 0605), impact strength Qm (to‘the according g 5
modulus of elasticity£(to the according tSN 64 0614).

4. TEST RESULTS

the changes of
Because of the great range of values only t A f
mechanical properties of the 5th sampling are given in relation
to the comparison volues (Tab.1). Graph (Fig.1l) shows these

changes in %.

5. EVALUATION OF RESULTS AND CONCLUSION

In the evaluation of the results of chapges of mechanlcal
properties of composites Taboren PH 41C40 (w1thout.b10w1pgcre_
agent and with blowing agent) exppsed for 98 days in ip in
ased concentration of the microclimate of a shed, par 1ab »
changes can be observed. Essential changes were malnlytg s:rv
in the elongation and impact strength. In compo?lte wi dou ase
blowing agent a decrease of elongation py 13:1 % and.a ecr;alt
impact strength by 5.4 %. In the comp051tg with blowing agg
elongation increased by 13.7 % and a negligeble decrease O
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" Table 1. Values of mechanical properties of Taboren

hl

o -2 . )
-Taboren 61 [MPa] [ [6] E [GPa] Qn D(J.m ] /4/ DOLEZEL, B.: Odolnost plast?La qgéil. (Resistance of plas-
| V i d rubber). Praha, SNTL, 5
t ‘ I i %234 22-2% 123 £z.%e /5/ Sk&:,ag. - HAVRLAND, B.: Prazkum agresizity prOﬁtrgdih
e ’ gde y ( y A dva. (Research o e
. zemédélskych provozt. Vyzkumnd zpT
. Faadb - LA %00 i aggressivity in the environment of agriculture. Research
‘ A 22.88 16.40 2.26 ‘ 18.18 report). Praha, V5Z, 1977 ] ] =
: ' ) ' ’ /6/ HORAGEK, J. - BREZINA, J.: Laboratorni zkousky odolnosti
| type II' vybranych plastd v mikroklimatu stédji. Vyzkumng zp;éva.
° 22-28 1964 i 18,1 (Laboratory resistance tests of selected plastics_in the

i i heds. Research report). Praha, V5Z, 1987.
:' A - values before the test microclimate of sheds >

B -galueﬁ after the 5th sampling

o
&
[}
¥
m

a..

100 $- - — — = —— —— |- T PP ——

[] type I.

50 1 | B tyee 1I.

Fig.1l. Changes of mechanical properties of Taboren in %

impact strength by 0.4 %. This shows the effect of the blowing
agent on the above properties. The other values of mechanical
properties do not essentially differ from the original values.
Both materials can by recommended for a shed environment,
Taboren without blowing agent for less stressed products. A re-
petition of the tests and verification in real condition are
necessary for accurate decisions. The results of the tests are
very significant for the production of the above composites

and extended knowledge about these materials. :
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TRENDS IN AGRICULTURAL ENGINEERING v dem  Znfithrband  fiir  die Einlegung der Dreschmasse. Die
PRAGUE 15-18 SEPTEMBER 1922 Dreschtrommel wurdev in der  Zentralforschungsverkstatt  der

Howhsehule aus  einem Druckrohr mit dem Darchmesser 500 mm und

der Lange 530 mm hergestellt. Die lLeisten rund um den Umlauf

eschkorbhes wvarden aus Zudstaben mit dJdem Durchmesser 10 mm

des D

verfert.igt, and anqeschwei B Die Tromme! vurde dynamisch
ausgedglichen  und der Antvr‘ifi-]- der Dreschtromme) - ist mit
Rivmenscheihen vom Elektromaotor konstruiert.. Die
nf angsdeschvindigkeit. der Dreschbtirommel erreichl. his 48,9
THRESHING CONCAVE WITH DRIVEN ROTATING CYLINDRES 812
m.s~1. Der Dreschkorb wurde im  Jahre 1986 hergestellt  and er
= ' = siomit. dem  CSFR Patenl. No. 22 0054  geschittzt [11. Der zweite
J. HRUBES - J, OTTENSCHLAGER el i gen are ‘
T d des Dreschmechanismus best.eht.  aus finf angetriebenen

; : < Rotal.ionswvalzen mit.  dem Durchmesser 140 mm, die im Dreschkorb
University of Agriculture Prague, Faculty of Bgricultural .

2 2 3 3 eingebaut sind. Der Antrieb der Rotationswvalzen ist mit  zvei
Engineering, Kamycka 129, 165 221 Praha 6, Czechoslovakia i
Keilriemenscheiben VO Komnutatorelektromotor mnit dem
. Dreheahtiegler goelial . Diese Anbriehskomposition erméglicht die
A threshing concave wvith driven votating cylinders enablos
. M lenit oo hwindigkeit von 2.3 m.s-1 bis 25 m.s~™1 zu regulieren.
the increa«s of the  threshing cylinder circumferenbial i
. . i e b s oo dJer Getreidenasse wvurde ein glaltes
velocity wvithout large deteniovations of the separation 3
r Zuf iiheband Ciil dey Breile des Bandes 450 mm s
properties of the thresbing mechanism. The increascd
; X Arheibsaoag hyimdoakeibl 1,5 mos 1) benutzt..
rr_elatlve velocity of the threshing-naterial’s layer / "
creates the assumption for the treble  passage arf g / ) ‘
thresh ing- materials per unit  length in the Lhreshina g 3
mechanism. At the  same  time, the povernr inpul.  of the

tE'l'fhﬂUlU‘Jica] proces<  af Lhreshing is reducod  to a thiord

per time unit.

threshiog mechaniso: Arivies rotal ing cy Linders;
circumferential velocitys Lhreshing ot grains: pover

input.; technolugical process

T?i e Laborat.orvorri chtung filr das Experinent.  vurde amn
Lehrstuh] il Landmaschinen  der Pakultdl. fiir Landtechnik e
Hochechote  fiie Lanvirtschaft.  in Prog ia Jahre 1990 erzeadal. .

SiEacies h etk e e 203 g
(R Voreiobtnng hesteht. sich aus den Dreschmechao i smns i

{ . s i Lo it e e hianbaen Roiab ronswalezen
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Do hyganale

stung

1o mehrmeisten Mahdrescher  haben eine Dreschtrommel, die
it einer Dnfangsgeschwindigkeit.  von 23 wm.s~1 bis 32 m.s71
Leheibei und der Dreschkorb ist statisch befestigt. Die Schicht’ {
Jdos Dreschmaterials hat die relat.ive Geschwindigkeit von 11

1 Lis 12 m.s~1 [21. s

Wenn Qir die Differenz der Geschwindigkeiten errechnen
(Dreschkorbvalzen 20 m.s-1 und Dreschtromme] 50 m.s~1),
hekonmen  wir  die Relat.ivgeschwind akent Jer Schichte des
Materials van (20 + 110 n.s 1, also ungefahr 30 m.s~1.

Diese Geschwindigkeit. ist ungefahr dreimal groBer als bei

der Mehrheit der weltweit gebauten Mihdrescher. Das heiBt., daB

die Durchgangleistung auch dreimal griiBer ist und alle diese

vxperiment.al ciworbenen  Ergebaise  aut die Lanaeneinheit des
fieschmechanisnus bezoden siod.
e — T T
Zepf=t e < e X W % A A ma W w :
e & -
i = y - o ‘ ]
5 5 - s e e e e e e e e o=
Fov s 558 s % T TR R AL 1
o il 2 Dreschleone! B L . ]
) 2 - . ]
- . . -
A - o, QN INeYLQUOR . MARERRA A e e e e e —
E 40 :. ..... o e e s e PRI R
a) Buf das Zufiihrbhand wurde eine varhergenscoscone YMoeodge de 5 L > 1
Getreidemasse aufgeladens; die Getreider ottt e’ a0 _ coerr s L~ R E
Durchgangleistung des Dreschmechanisnis cntsprechen :. ! 3
b) Unter dem Dreschkorb wurde das Zahlaeiial mit  den Kamnern 20 e goten e 2 nath Naub "t;ﬁht
angebracht und hinter dem Dreschmechanismnus wurde  das E . -7
Fangersegel fiir den Einfang von Dreschmalerial antergehvacht W T ?
c) Der Elektromotor fiir den Antrieh der Dreschtronmel wiede L .n1i dem Roiaiionskprb :
eingeschaltet. 0 : - - = b B 43 5 ik ety AT Pl nE SR - o
d) Der Elektromot.or fiir den Aabrielh  der Korhwalzen  wuode 0 2 4 .8 8
ejingeschaltet. und die Gescbhy il abei L der e Sl e
: . Lo der Deehf roegoen: Durchgungleisiung kg. s~1]
wirde  eingestellt.
e) Buf der MeBanlage wurde e Al evevert,  der zoagefarten '
. iagr: E 21raetrsche spriichi »it. des Drusches o
Leistung der Dreschtrommel d e Korbes festgestellt. Diagraum 1: Energetische Anspriichigkeit des Drusche L
N — ) angiagkeit. SR} shae sistung des
£) Das Zufithrband wurde eingeschalbtet. . Abhingigkeit von der Dubchaangleistung de
A 4 Dieachnechanisnus
9) Wiahrend des Hackseldruschs wurde die Verbraucherleistung presimechan s
g festgestellt.
: hd ]j:1:~:

Korn wvurde dgewogen und die Kornproben wurden nach den

Nesichlispunkt der Beschéadiguneg

ausgewertet.




Im Diagramt 1 1=l der Kraftbedarf des Schlayleistendresoch- 4. SUHLUSSVOLGERUNGEN .- |
mechanismus nach Nbuhanor [2] fiir die niedrigste und hiv-hste

1 Unfangsyeschvindigkeiten gezeigl., (Linie 1 und Linie 2). Dicuer  Dreschmechanismus zeigt die Vorteilhaft.igheit vom

P =C a.q+ b.q2 ). vp 3 Uh = 28,2 - 31.4 m.s 1 Gessichtspuikt  des niedrigen  Energiebedarfs: bei den groBen
‘ a = 90 - 120 N.kg=1.s Durchgéngen  aus. Die schlechteren Separationeigenschaften bei ‘ i
b =7 - 10 N.kg2.g 2 hiheren  Durchaidngen  sind  bloB  eine Konstruktionsfrage der
‘ vo ist Sanberkeitsorganen des Mdhdreschers .-
- Kraftbedarf [Q"DIN I
a.b - Konstanten, . X S o h i L L um
q - Durchgangleistung (kg.s5°1),
‘ ve - Umfangsgeschwindigkeit der Dreschtrommel (m.s~1), 1 ROH, J.: Butorskeé osvedceni &.220054, Praha 1986 B
V [2] NEUBAUER, K.: Stroje pro rostlinnou vyrobu, Praha, SZN 1989,
. |
Die dritte Linie im Diagramm bildet. der Verlauf des str. 443.
Kraf tbedarfes des Dreschmechanismusmodells in Abhdngigkeit von 31 ROH, J.: Mlat.ici mechanismus s upravenym mlaticim k?sem.
der Durchyangleistung. Dieser qesahte Kraftbedarf besteht aus Praha, Zemedélska technika, 35 (LXTT), 1989, ¢.1, str.3.

dem Kraftbedarfen wvon Dreschtrommel und Rotationswvalzen des
Dreschkorbes. Im Kraf tbedarf der Dreschtrommel ist auch der

1 Bansertrommelkraf tbedarf mitberechnet.

2.2. Separation und Beschidigung

Experimentale Ergebnisse beweissen, daB die wvergrdBertie
Durchgangleistung die Separationseigenschaften des
Dreschmechanisnus verschlechtert. Zum Beispiel bei einer

Durchgangleistung von 3 kg.s~ 1 bleibt durchschnittlich 28.8 %

1 der Masse des lockernen Karn im Stroh hinter dem
i .
Dreschmechamismus. Mit. wvergriBerter Durchgangleistung ist
dieser VWert noch aroBer. Es ist. also notwendig mit. einer

gréBeren Belastung des Reinigungsmechanismus zu rechnen.

Aus den LErgebnissen geht hervor, daB der Dreschmechanismus

mit. dem Rotationskorb die gréBere Beschiddigung verursacht. Die

Reschiadigung  ist gréBer als bei den jetzigen henutzten
Dreschmechanismen. Dieser Vert mit vergroBerter !
Durchgangleistung sinkt. Die Umf angsgeschwindigkeit der

Korbwalzen hat keinen EinfluB auf die GroBe der Rewchddigunyg .
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IMPROVEMENT IN DURABILITY OF MACHINE ELEMENTS WITH THE AID OF
COMPOSITE CCATINGS

CHERNOVOL M. 1.

-Kirovograd Institute of Agricultural Engineering,
Kirovograd, 316030, Ukraine

The article deals with general methodological problems of
designing composite coatings (CC) for operation under specific
conditions. The results of the research of flame spraying of
metallized composite powders and the application of this method
for restoring and hardening agricultural machine elements are
presented below.

qomposite'coatings; flame spraying; matrix; filler; ceramics;
interphasic interaction; wear rasistance.

1. INTRODUCT ION

One of the main trends of quality improvement of’
agricultural machine elements 1is the application of new
promising materials, specifically composite ones, in
restoration practice. Composite material is a volumetric
artificial composition of 2 or more materials differing in form
and properties with a clearcut boundary surface between them,
advantages of each material being derived. Recently composite
materials have come. into use as coatings (composite coatings),
which is very important for restoration and hardening machine
elements. The constituents of composite coatings are the
compositions of materials referring to basic material classes:
metals, ceramics, plastics. The procedure of giving terms to
composite coatings 13 based in the first place on filler name
and then on matriz name [1]. For example: metal ceramics
coating-ceramics (base) impregnated with metal; cermet
coating-ceramic particles harden metallic matrix etc.

We have developed a number of methods to apply composite
coatings to machine elements [2]: different kinds of facing
(arc deposition,high frequency facing, oxyacetylene surfacing
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and others); plasma and explosion spraying; foundry technology
methods etc. The most advanced methods producing coatings for
the machine part restoration are solid phase and solid-liquid
phase technologies which do not bring the materials being
treated to the melting point. We speak about the methods of
powder metallurgy, pressure welding, galvanotechniques and
others.

2. DESIGNING COMPOSITE COATINGS

The technology of designing components with CC specifies
the following main stages: the analysis of initial design data
( requirements to coating and a component as a whole); working
out the constitution and the structure of composite coatings
(the kind of matrix and filler, their quantitative relation,
the geometry and the order of arrangement, component
compatibility); the development of the  structure of
"coating-component base" system; working out the technology of
CC application; the property evaluation of CC and a component.

Taking into account abrasion wear, the structure of
wear-resistant CC is to meet the following requirements:
elasto-plastic matrix; the particle hardness of the hardening
phase must be greater than the abrasive hardness: the distances
among the filler particles must be smaller as compared to
abrasive particle size; great cohesion bond among the
components of composite coatings. Iron, nickel cobalt and their
alloys are mostly used as matrix materials. Different ceramic
materials serve as wear-resistant fillers: carbides, borides,
oxides, nitrides and others. In our experiments we used
chromium carbide and alumina as fillers.

To solve the problem of the component compatibility of CC
means to cope with two conflicting tasks: on the one hand the
provision of great adhesion among the components which implies
their definite interaction and on thé : other hand
inadmissibility of intensive development of their interaction
on phase boundaries which may result in mutual dissolving of
components, in the emergence of brittle intermediate phases and
finally in the loss of CC hardness. Both principles, in spite
of their being contradictory, are practically feasible. It is
only necessary for the interaction to take place at the moment
of CC formation and later on under the operation conditions
when temperature is usually lower, this interaction will have
to stop or at least to slow down. :

Experiment is the main ‘source of receiving data about
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material compatibility under specific conditions. At the same
time the necessary initial information about the interaction
capability of components in CC may be obtained from the
constitution diagrams of material systems, thermodynamic
calculations, the analysis of interaction kinetics and the
_ calculation of thermomechanical compatibility. The following
" techniques of compatibility control have also been worked out:
the change of the chemical composition of the filler surface by
means of applying coatings; the directional matrix alloying;
the application of special atmospheres; mechanical and
temperature activation of CC applying processes.

3. FLAME SPRAYING OF COMPOSITE POWDERS

Flame spraying (FS) of* high heat ceramic particles is
greatly problematic because of the insufficient gas flame
temperature and the low velocity of particle flight. In a case
like this composite metallized powders [2-3] with more fusable
metal sheath as compared to ceramic core are promising
materials for flame spraying.

The increase of flight velocity of powder particles is
possible due to the use of special accelerators (activators) in
a sprayer design. They "push on" particles with additional air
flow supplied to the jet under the pressure of 0.6 - 0.7 MPa
(Fig. 1).

Coeaye 22
yw’y CIIILEIII LA
Fiz+ 72780022
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Fig.1. Diagram of flame spraying with an activator: 1 - nozzle;
2 - torch; 3 - coating; 4 - base; 5 - activator.

When analysing FS with an activator of composite particles
in such systems as Cr3Co-Ni and Al,05-Ni it was established
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that the velocity of particle flight was about doubled (from
30-40 m/sec to 65-80 m/sec). The surface of fine particles
(< 63 mu) is heated to the melting temperature of the sheath
(nickel) already at the distance of 80-100 mm from the nozzle
exit section and then the melting process of the total nickel
volume with established heat dissipation is probably going "on
into a ceramic phase. At the distance of about 150 mm one can
ascertain nickel sheath overheating to the peak value and then
gradual surface cooling of particles.

On the basis of the data obtained we can define the most
significant technological parameter of the process - the
optimum spraying distance. For the particles < 63 mu the
surface being sprayed should be spaced just after the point of
convergence of the activator air jet i.e. at the distance of
110-140 mm. This distance is coincident with the maximum
velocity of particle flight and with sufficiently great
temperature value of the surfaces of the particles. If spraying
is carried out at the distance of 180-220 mm where the ‘maximum
heating of particles takes place the overheated nickel sheath
is separated from the ceramic core as a result of particles
colliding with component surface, and immediate deterioration
of coating arises.

While studying microstructure of CC it was found that the
filler is rather evenly distributed in the matrix. The matrix
of CC, being produced by the spraying of powders of the
composition of Cr3Cy,-Ni, is solid solution C-Cr-Ni. The number
of unbonded carbides is determined by particle size and the
content of nickel in a composite particle. If ceramic particle
size increases and cladding metal quantity decreases, the
number of unbonded carbides becomes larger. If the content of
nickel is considerable, carbides are activly dissolved‘—_ they
"are disintegrated” and are not detected metallographically,
the matrix being saturated with chromium Alumina is present in
coating in a free state. In addition to alumina CC contains
NiO, pure nickel and spinel NiA1204. In our experiments spinel
was detected when an activator was used, i.e. when an
additional air supply to the jet was provided. The presence of
spinel in CC makes interphasic interaction more active as well
as must have a favourable effect on the porosity decrease, the
increase of wear resistance and adhesiveness of coating and a

base.

Thus, with flame spraying of CC it is possible to control
the degree of interaction of its components and coating
structure as well. By controlling size grading, the content of
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nickel in a composite particle and other spraying conditions,
it is possible to produce CC with varying content of unbonded
carbides, - to carry out directional alloying of matrix, to form
new intermediate phases among the components of CC.

It is the degree of interphasic interaction that affects
the standard of the microhardness of CC (Fig.2). When spraying

of composite powders of the composition of Cr3Co-Ni (20% mass. )

is carried out a fairly great number of unbonded carbides with
microhardness of (17-31) 10°MPa is detected in such coating,
the matrix microhardeness mainly being within the limits of
(7-11) 10°MPa (Fig. 2a). If the content of nickel in composite
particles increases up to 30%Z mass. the intensity of its
interaction with Cr3C; rises and as a result coating

heterogeneity smooths down, i.e. more uniform microstructure of

(3-13) 10°MPa is formed. (Fig.2b).
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Fig. 2. Microhardness of composite coatings sprayed with powders
of the following composition : a) CrBCZ—Ni - 20% mass;
b) Cr3Cp-Ni - 30% mass; c¢) Alp03-Ni - 30%Z mass.

The results of microhardness measurements of CC of the
composition AlpOs-Ni (30% mass. ) indicate the presence of two
apparent constituents - the matrix with microhardeness of
(2-6) 10°MPa and the filler with microhardeness of (12-26) 10°
MPa (Fig.2c). The intermediate phases resultant from the
component. interaction of CC are detected to a lesser degree as
compared to the system Cr3Cp-Ni. It is advisable to use cermet
CC for restoring and hardening agricultural machine tools,
operating in abrasive environment [4]1. One of the mass rapidly
worn parts of agricultural machines is a seed disk of a grain
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drill. If a disk wear is more than permissible one, the
agrotechnical requirements are not met, particularly the
uniformity of drilling depth, the latter resulting in harvest
losses. S

CC were sprayed on a disk periphery from the side opposite
to the side of grinding. The regimes of spraying: distance -
110 mm; the speed of disk rotation - 100-120 min ; acetylene
pressure 0.1 MPa; oxygen pressure - 0.2 MPa; powder consumption
- 12-25 g. per disk. Coating width - 10 mm, thickness -
0.15-0.20 mm. Exothermal reaction powder PT-NA-O1 was used as a
precoat.

We have carried out comparison reliability bench tests of
the disks (steel 65 G) not treated thermally but hardened with
the aid of CC and disks of series production. The motion speed
of shares was 12km/hr; the ploughing depth of shares - 80 mm;
the spring pressing effort of push rods - 80 kg; soil moisture
- 20%; so0il composition - one part of clay and five parts of
sand. Share running was 1000 hours (2700 ha.) which corresponds
to 9-year drill running.

The tests showed that the wear resistance of sprayed disks
is by 1.6-1.8 greater than that of series ones. The wear rate
of the disks coated with Alp03-Ni - O.8mm/100ha; of the disks
coated with Cr3C-Ni - 0.7mm/100ha; ~ of the series disks -
1.3mm/100ha. This level of disk wear resistance increase is
sufficient to provide for the equal strength, i.e. to make disk
life approximately as long as drill 1life. Along with wear
resistance increase the application of CC provide for the
self-sharpening of blades.
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Table 1. Relationship between N-fixing activity and optical
' ‘ PRAGUE 15-18 SEPTEMBER 1992

characteristics of Bradyrhizobium arachis strains

OPTICAL CHARACTERISTICS OF LEAVES OF CULTIVATED PLANTS
V.Ilieva

N.Poushkarov Institute of Soil Science and Agroecology, Sofia,

Treatments Total uptaké Symbio- T II. Bulgaria
of N by tically
plants, fixed .
N, Plant leaves represent specific optical filters which determine |
" " R,% A% R,% A% the capacity of the photosynthetizingvapparatus (3,4). The latter is
best described by two coefficients: absorptance A% and reflectance R%.
Check(untreated) 166 - 16’70 70’38 23’46 53’13 The objective of this paper has been to define the relationship
Strain 11 ; 259 93 16’51 68’25 10'59 80’46 between the N-fixing activity in various microbial (Bradyrf:izobium
Strain 13 382 216 9112 82’34 12,40 78’40 v arachis strains) fertilizers, the mineral fertilizer rate and the optical'
Strain 21 322 156 8,62 82,36 8!60 82,66 characteristics of plants cultivated for agricultural purposes.
Strain 30 304 138 10’54: 80'71 9’61 78’16 " Pot experiments with different culfivateq plants have been carried
Strain 302 141 25 16,50 67,64 18,47 57,70 out | ‘
Strain 303 522 356 7’40 86’63 8’63 84"'63 (1) Two experiments in which peanut plants were grown on an allu-
Serain, 3188 175 9 11,72 79,84 15,36 67176 vial meadow soil and the N-fixing activity of 9 strains of Bradyrhizobium
SERID. Je4k20 606 440 7,08 88,46 8,98 86,20 TR p—— '
Strain 176A22 571 405 5’48 89'97 8’11 86,10 (2) An experiment in which maize plants were grown é6n two |

different soils and received different fertilizer amounts. The leaf ab-

sorptance A% was measured at. blossoming;
.(3) An experiment in which the effect of 4 N-fertilizer rates
on garden bean plants was evaluated. Averaging to 3 leaves was adopted;
(4) An experiment with the Poly E-1 sugar beet hybrid treated
with preparations differing in their biological effect: DMS-4, N-40,

HP-44/20 and HP-44/102m1 ha -1. Reflectance R% was measured in all

treatments.
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The optical characteristics of plant leaves absorptance A% and
reflectance R% were measured using an automated laser system operating

on the basis of a Pravetz-8 PC. The sensor of the system is a modified

Ulbricht sphere with a 2 mW He/Ne laser light source and a hemisphere with

20 photoreceiving elements. The system measures the amount of passing
and reflected monochromatic light energy with a wavelengthd = 632.8 nm
and calculates leaf absorptance A% (1,2).

“- These pot experiments have yielded the following results:
1. Table 1 shows the data on the N-fixing activity of the straims
studied and the optical characteristics of leaves reflectance R% and ab-
sorptance A% at two stages of plant growth. These data.indicate a wide
range of variation among the N—fixing activities of the tested strains.
The measurements show no activity of strain 302, a very weak activity
of strain 3188 and a weak activity of strain 1l. The highest activity
has been displayed by strains 264b20 and 303. The activity of the rest
of the strains is in the middle of the scale. Reflectisn data show a
negative relationship between the strains' N-fixing activity and leaf
reflectance . The highest values have been detected for the check plants
and the low-active strains. The lowest reflectance has been observed
in plant leaves treated with highly active strains. The relationship
between the strains' N-fixing activity and absorptance A% follows exactly
the opposite pattern with a highly positive correlation. The highest
absorptance values have been found in the leaves of the plants treated
with the most active N-fixing strains.This stands to reason because
these plants grow under the most favourable conditions regarding N nu-
trition and the photosynthetizing apparatus in them operates at fuller
capacity.

The above relationships hold good for the second pot experiment
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(table 2). Here again, the lowest reflectance R% values and the highest
absorptance A% values have been found the leaves of the plants treated
with the active peat-like preparation obtained from the highly active

. '
strian 303. No particular effect of the Vafotox preparation has been

discovered because the latter is effective in a different area: it is

used mainly to protect seeds from pest-caused damage.

2. The measurements of absorptance A%in young maize plants (table -3)

have shown a strong relationship between the N-fertilizer rate and leaf

light absorption for both soils used.

3. Fig.l. shows a higﬁ correlation between the N-fertilizer rate
and the absorptance A% in garden bean plants.

4. The measurements of abrorptance A% in sugar beet treated with
preparations differing in their biological effect have shown a better
correlation withvchlorophyll B absorption than with chloroph&ll A absorp-
tion. This is accounted for by the closeness of wavelengths: for the
He/Ne .laserA = 632.8 nm and for the chlorophyll B absorption \ = 644 nm
while for the chlorophyll A absorption A = 665 nm. That is why plants
containing more chlorophyll B have a higher absorptance A% value (Fig.2).

.Finally, the folléﬁing conclusions can be made:

(1) The optical characteristics A% and R% of peanut plants can be

used for express evaluation of the N-fixing activity of microbial.

s b ¥ . . . . r
fertilizers based on various strains (e.g. Bradyrhizobium arachis strains)

and their effectiveness.
(2) Absorptance and reflectance by the leaves of young plants can

be used in the evaluation of the N-fertilizer rate adequacy.

(3) The absorptance A% values can be used in assessing the effective-

ness of preparations differing in their biological effect when applied

to sugar beet.
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_strain 303 + Vofatox

Treat t Total Symbio-
e ugtake t?:a;(l)y L I
of N fixed
by N,
pl:lrgn:s, - R,% A% R,% A %
L, Gtivar 2609
Untreated 166 - 16,70 70,31 23,46 53,13
Untreated+Vofatox 161 = 14,47 71,52 20,36 59, 93

Treated with a peat-like 529 363 7,05 87,81 9,77 84,40

preparation containing
strain 303

Treated with a peat-like 516 350 7,64 86,30 6,79 87,50

preparation containing
strain 303 + Vofatox

II, Cultivar "Kalina"

Untreated 162 - 9,42 80,1

Untreated + Vofatox 124 - 10,33 7998

Treated with a peat-like
preparation containing
strain 303

554 392 2,02 9%,6

Treated with a peat-like 533 371 8,75 87,6

preparation containing

3 13,70 68,3

1 14,73 68,83

4 6,74 87,56

1 6,39 87,23
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Table 3. Absorptance A% for young maize plants receiving

different fertilizer amounts

Chernozem-smolnitza Grey forest soil {
Fertilizer rate - A% Fertilizer rate A% 1
0 44,9 0 51,12 - Al o

200 61,52 200 58,98 80 | ,
400 79,35 400 82,9 X 3

600 81,63 600 83,94 |

i
65 i 1 Il L &
0 W 20 0 A0 .y J11g soit

Fig. 1. Relationship between N-fertilizer I

rate and absorptance A% in garden H
|

bean plants
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TRENDS IN AGRICULTURAL ENGINEERING

moisture content 15 %. Only mixed-flow driers are manufactured in Czechoslovakia. The il
inlet air temperature ranges from 40 to 130 °C. One pass under nominal throughput

Fig. 2.(a) Relationship between absorptance A% in | om 40 1
takes approximately 1 hour. This time is too small for mold or insect development. But |
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SAFE TEMPERATURES FOR DRYING BARLEY vg i
it |1
J.JILEK |
0.604 :
|
University of Agriculture, 165 21 Prague 6, Czechoslovakia [. ‘
0.50 . "
Eighteen drying experiments on malting barley variety Jarek with initial moisture {
z - content ranging from 8 to 29 % (w.b.) and exposure time from 0.5 to 5.0 hours |
040 | B) were carried out. Temperature in the chamber was set up 40, 50, 60 or 70 °C. In i
each experiment 11 samples were prepared: one sample for control germination b
was not treated and ten samples were removing from the chamber at regular time ' ‘
intervals of 0,5 h. After treatment each sample was tested on moisture content |
2 L L t ! * and after 3 months on germination. The relation between standard deviation of
A% normally distributed death rate and moisture content and grain temperature was
901 determined. Critical ‘temperature for viability reduction of 1 % and 3 % was
o) correlated with logarithm of moisture content and logarithm of exposure time. ‘
80 barley germination; grain quality; viability modelling; viability i
9 . |‘ |
1. INTRODUCTION - J ‘
it ||
70 In Czechoslovakia cereals and some other grains require to be dried before storing. il |
T v ! z" '5 6' For this purpose continuous driers are used. New heated air driers have a throughput 3
1 2 3 from 10 to 50 t.h' when drying grain from initial moisture content 19 % to final
sugar beet and treatments with preparations there is a danger of heat damage. Heated air driers are widely used as drying is quick ‘
with differing biological effect. and produce a more uniform product /1/.
(b) Relationship between absorpbance A% and The- main factors which influence deterioration in viability during drying are: i ,
the content of chlorophyll A and chlorophyll 1. species, variety and initial grain quality; 2. grain moisture content; 3. grain |

temperature; 4. exposure time. The aim of the paper is to determine critical temperature
for a certain level of loss of viability of malting barley.

B in sugar beet (the same plants)
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2. EXPERIMENTAL

Eighteen drying experiments on malting barley variety Jarek with initial moisture
content ranging from 8 to 29 % (w.b.) and exposure time from 0.5 to 5.0 hours were
carried out. Seed of barley was hand-harvested in August 1990. Experiments ran
immediately. No artificial moistening was used. Grains of barley were separated from
ears by hand. Chaff was removed by the air. Temperature in the chamber was set up 40,
50, 60 or 70 °C. In each experiment 11 samples were prepared: one sample for control
germination was not treated and ten samples were removing from the chamber at
regular time intervals of 0,5 h. Each sample was placed on a separate sieve of
dimensions 420x200 mm forming grain monolayer. Into one grain on the sieve which was
removed from the chamber after 5,0 h a small thermocouple was inserted. It was not
necessaryto fix the air temperature exactly by thermostat as both grain moisture content-
tilme curves and grain temperature-time curves were taken into account in data
_processing. After heat treatment each sample was immediately tested on moisture
content. Samples were left in paper bags for about 3 months for breaking of dormancy.
Then samples were tested on germination. The rolled paper towel method was used for
two sample lots of 100 seed per germination test.

3. THEORY

Germination. G which indicate the number of viable seeds remaining in a treated
sample is a function of grain moisture M, grain temperature 6, exposure time ¢ and
initial germination G, and some constants c,, ¢, ... ¢, (Eqn. 1).

G = G(M,0,1,G ic,,C),--5C,) 4 (1)

Roberts and Ellis /2,3,4/ have shown that under constant storage conditions, deaths in
a population of seed are distributed normally (Eqn. 2).

=t _ (- « -0
Lfe *a- —_[e *ar @

0y27 e oy2T

G@® =1 -

t'=t

It is very useful to introduce standard normal deviate x (Eqn. 3). Ellis and Roberts /3,4/
used for x the term probit value.

_ @ 3)

g

Eqn. 2 may be re-written as
w g

_—x 2 g0
G =1 2,,_{ \/Z_n‘fe dx (0))

Values G(x) are tabulated. For ¢t = 0 h Eqn. 3 yields the relation between mean

_!
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exposure time f and standard deviation o (Eqn. 5).
t=-x,0 ®)

Substituting t from Egn. 5 in Eqn. 3 yields (Eqn. 6).
x=x,+toc ()

The rate of loss of viability measured in probit units x is according to Eqn. 6 propor-
tional to reciprocal value of standard deviation a. According to Ellis and Roberts /3,4/,
Nellist and Bruce /5,6/ standard deviation does not depend on initial viability (Eqn. 7).

¢ = a(MB,cy,...c,.) (@)

Equations 2 to 6 are valid only in the case of constant standard deviation g, i.e. for
constant moisture content M and temperature 6.

Ellis and Roberts /3,4/ have found Eqn. 8 from sealed heating experiments.
In o =2299 - 589 In M - 0,0921 6 - 0,000986 6° ®)

Lescano and Tyrrell /7/ have obtained Eqn. 9 from 23 thin-layer drying tests. -
In o =4,198 - 3320 In M - 0,267 © O]

4. RESULTS

Because grain temperature and moisture content are varying during drying in the
chamber, Eqn. 6 cannot be directly applied. Nellist /5/ suggested that the total loss of
viability could be estimated by accumulating the loss predicted for each time increment
by advancing along a drying curve. In each time increment standard deviation o is
calculated. The procedure has a few steps:

1. Let us consider: coefficients c,, ¢, .. c, in Eqn. 7 were set; curves M = M(t),
6 = 6(t) were determined; viability G(¢) for time ¢ was predicted. A certain probit
value x(¢) corresponds to G(t). We are trying to find viability @(t+¢)

2. For moisture content M(¢) and grain temperature 6(¢) standard deviation & (Eqn. 7)

is determined.
3. Eqn. 6 is applied for a small time increment d¢ (Eqn. 10).

x(@¢+df) = x(®) + difo ' (10)

and the probit value x(¢+dr) is converted to germination G(¢+ dt).
4. In the next step we start from time ¢+df and repeate steps 2 and 3.

The calculation of coefficients c,, c,, ... ¢, in the Eqn. (7) was based on the residual
sums of squares of differences between predicted and experimental germination values
G, - G.. Sums of squares were determined for germination results of all experiments
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TABLE 1
Coefficients of Expressions ¢ = o(M, 6) including x,.
Coefficient  * Residual sum cfZ
Expression squares E(GP—G )
3 [ c, cy c, .

G=c +cM+ch 2,005 | 2569 | -0260 | -0297 B 15 059
6 =c +clnM +¢,0 1574 | 113864 | 0,108 | -3243 5 15.375
G =c¢ + M +c;ind 1,93 | 82044 | 0389 | -17,589 - 14 701
6 = ¢ +clnM + c,in@ 2,454 56,961 -3,371 -11,047 - 15 591
Ino =c +c,M+ c,ﬁ 1,635 21,784 -0,278 - 0,251 - 12 599
Ino = ¢, + c,IaM + ;0 1,560 | 119472 | -9014 | -137 - 14171
Ino = ¢, + ;M + c;nf 1614 | 80603 | 0351 | -17,692 “ 12 200
Ing = ¢, + c,lnM + c;In8 1,652 68,540 4,488 -13,248 - 11 821
Ing =c, +c,InM + c.6 + E‘HZ 1.636 28,090 -5,402 -0,1114 -0.00115 12 367

(i = 1,2 ... 18) and all exposure times (j = 1,2 ... 11, ie. ¢t = 0; 0,5 ... S h) (Eqn. 11).
Y (G, [%,s¢15¢p-€,) - G, J* ~ min (11)
i

A few relations (7) for standard deviation o were chosen. The summary including
the residual sum of squares is in Tab. 1. All relations have three constants. The
exception is the last relation with four constants. The best equation was found

In 0 = 68,540 - 4,488 In M - 13,248 In 6 (12)

Initial probit value x, = 1,652 corresponds to initial germination G, = 95,1 %.

If the germination G in the relation (2) is set to be constant, this equation repre-
sents the relation for critical temperature. Calculation of critical temperature from this
equation where mean exposure time and standard deviation are expressed in equation
(5) and (12) is very uncomfortable. It is better to do approximation by some simple
equation. Critical temperature 8, is a function of initial germination G,, loss of viability
AG, exposure time ¢, meisture content M. There are some coefficients ¢, ¢,, ... ¢,

8, = 6(G,,AGLMc,icy, ... €,) (13)

Coefficients c,, ¢, ... ¢, are determined from residual sum of squares (Eqn. 14) for
critical temperature calculated according to the Egn. (2) and Eqn. (13).

Y [0, - 0,(M,c,.cp.c)) ~ min (14)

- Eqn. 15 fits the best.
8.=c¢c-cglnt-c,inM (15)

c

Coefficients for this equation for initial germination G, = 95; 97; 99 % and loss of
germination AG = 1; 3 % are in tab. 2. Effect of exposure time on critical temperature
is also in Fig. 1 where critical temperature is added to the Fig. of Nellist /1/. It is
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TABLE 2
Coefficients of Expressions 68, = c, - c,Inf - c,InM.
Initial viability Loss of viability Coefficient
G
o s < c5 Cy
95 % 1% 112,107 4,300 19,517
3% 119,048 4,530 20,489
9% 1% 114,377 42m 19,741
3% 120,976 4,539 20,659
9% 1% 119,737 4,536 20,535
3% 124,849 4,679 21,130
90
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FIGURE 1. Effect of exposure time on critical temperature at a moisture content of
21 % for malting barley var Jarek (dotted) compared with Nellist’s review
/1/ of sealed heating experiments.

1. Wheat var Turkey Red - 25 % viability - Groves /8/

2. Wheat var Square-Heads Master - start of damage - Hutchinson /9/

3. Wheat var Square-Heads Master - complete kill - Hutchinson /9/

4. All seeds - Pticyn /10/

5. Wheat - 50 % viability (extrapolated) - Roberts Fesv

6. Barley - 50 % viability (extrapolated) - Roberts and Abdalla /12/

7. Wheat - 50 % viability - Hughes /13/

8. Wheat - 97 % of control germination - Lindberg and Sorensson /14/

9. Wheat var Manitoba - 50 % viability - Watson /15/

10. Maize var Reid’s Yellow Dent’ - 25 % viability - Robbins a Petsch /16/

1. Maize var Longfellow Flint - 25 % viability - Robbins and Petsch /16/

12. Wheat var Kanred’ - 25 % viability - Robbins and Petsch /16/
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apparent that critical temperature for malting barley is in the space of Hutchinson /9/
for start of damage and complete kill of wheat. The lower initial viability is, the lower
critical temperature.

5. CONCLUSION

Eighteen barley drying tests were conducted. Grain germination, moisture content and
grain temperature data were collected. Equation for logarithm of standard deviation of
normally distributed death rate curve was determined. The equation has grain
temperature and moisture terms logarithmic. Critical temperature for loss of viability of
1 % and 3 % was correlated with logarithm of moisture content and exposure time.
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‘"TURNING OF OVERLAYS

M. JIRKA - M. BROZEK - J. BREZINA . A. NOVAKOVA

University of Agriculture, 165 21 PRAHA 6, Czechoslovakia
The paper contains the results od tests of overlays machi-
ning. The wire C-508 was welded onto the basic material

14 220 using the vibration method in shielding carbon
dioxide atmosphere. Wire C-508 is used in agricultural

practice for overlays, which are machined before hardening.

The overlay was turned by exchangeable cutting tip of
sintered carbide Hl. For given depth of cut and feed the
effect of the cutting speed on the course of cutting edge
wear was measured. On this basis the relationship between
cutting life and cutting speed was determined for possibi-
lity of determining the optimum cutting speed resulting in
minimum production costs. The relationship between the

surface roughness and cutting edge wear was determined too.

cutting conditions; wear; sintered carbide tool; machining
of overlays

1. EINLETTUNG

In spezialisierten Reparaturwerkstatten der Landtechnik
wird sehr oft Renovierung der abgenutzten Teile durch Auf-
schweiBung, und zwar in hoherem MaB im Vibrationsverfahren in
der Kohlendioxyd-schutzatmosphare, verwendet. Als Zusatzwerk=
stoff werden drei Drahttype gebraucht: C-113 fur weiche Auf-
schweiBungen (durchschnittliche Harte 210 HB), €-508 fur Fla-
chen, die nach spanender Bearbeitung gehartet werden (Harte bei
der Bearbeitung 30 bis 44 HRC) und UNION-A 350 IG fur die Fla-
chen, die ohne weitere Warmebehandlung hart und verschleiBfest
sein sollen (Harte 60 bis 65 HRC). Fur die Bestimmung der opti-
malen Schnittgeschwindigkeit wird die Kenntnis der Formel

-m

T=mc.v ausgenutzt, wo
T ... Standzeit (min)
V ... Schnittgeschwindigkeit (m/min)
m ... Exponent
c ... Konstante.

Auf Grund der Kenntnis dieser Formel und Qeiterer okonomi-
schen GroBen (Preis der Werkzeugmaschine, Preis des Werkzeugs,
Lohn, Scharfenkosten, Gemeinkosten usw.) kann mit Hilfe der in
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/1/ angefuhrten Formeln Schnittgeschwindigkeit bestimmt verden,
bei der die Bearbeitungkosten minimal sind.

2. VERSUCHSDURCHFUHRUNG

2.1 Grundwerkstoff

Als ein aus oft benutzten Werkstoffe wurde Stahl 14 220
(0,14-0,19 C; 1,10-1,40 Mn; max. 0,35 Si; 0,8-1,1 Cr; max 0,04
S; max 0,04 P; max 0,07 P+S) gewahlt. Die Walzenproben hatten
53 mm Durchmesser und 310 mm Lange.

2.2 Zusatzwerkstoff und AufschweiBungsdurchfilhrung
Es wurde Draht C-508 (Richtzusammensetzung 0,25 C; 0,9 Mn;

- 0,9 Si; 0,9 Cr) vom Durchmesser 1,2 mm benutzt. Zur Auf-

schweiBung wurde ein SchweiBautomat NVE 301, Stromquelle Kv 220
und SchweiBvorrichtung PSH 02 verwendet. Die AufschweiBbedin-
gungen, waren den in der Praxis benutzten ahnlith. Zur Erhaltung
der gleichen Harte der AufschweiBungen wie in der Praxis wurden
auf die Probe TeilaufschweiBungen von der Lange 40 mm und dem
Abstand 20 mm aufgetragt, und zwar die folgende AufschweiBung
erst nach erkalten der vorigen. Harte der AufschweiBungen war
30 bis 40 HRC. Diese verhaltnismaBig groBe Streuung wiesen auch
AufschweiBungen in der Praxis dus. .

2.3 Drehen der AufschweiBungen

Zum Drehen wurde Hartmetall H1 in Form einer Wendeplatte
SNUN 120408 und Halter NAREX 22 3882.1 25250benutzt.0Daraus &
folgt die Schneidegeometrie: o = 87, y = -8", &¢ = 457, A = -5,
Die Prufungen lauften bei den Vorschuben 0,1 und 0,2 mm/U; der
Schnittiefe 0,8 mm und den Schnittgeschwindigkeiten 122,7;

172,8 und 341,9 m/min durch.
"‘lliiv. ,

2.5 Oberflachenrauhigkeitsmessen Bild 1. Beispiel des
SchneideverschleifBles

2.4 VerschleiBmessen der Schneide

Mit Bezug auf den VerschleiBcharakter
" wurde die GroBe VC (Bild 1) gemessen, und
zwar die VerschleiBbreite bis 2 mm mit
Rucksicht auf die Dicke der Wendeplatte.
Dazu wurde Messmikroskop Zeiss gebraucht.

Rauhigkeitsmessen wurde auf Talysurf .
6 (Taylor Hobson) in Zusammenarbeit mit dem Lehrstuhl fur
spanende Fertigung CVUT in Prag durchgefuhrt.

2.6 Abgemessene Werte des SchneideverschleiBles

Aus Raumersparungsrgcksichten werden abgemessene Werte des
VerschleiBes nicht angefuhrt und die Resultate werden im Bild 2
fur die Schnittgeschwindigkeit 122,7 m/min, im Bild 3 fur 172,8
m/min, im Bild 4 fur 241,9 m/min dargestellt, das alles bei dem
Vorschub 0,1 mm/U, und im Bild 5 fur 172,8 m/min bei dem
Vorschub 0,2 mm/U. Die Standzeitwerte wurden fur VC = 0,6; 1,0;
1,5 und 2,0 mm festgestellt. Die entsprechenden Werte werden in
Tafeln 1 und 2 angefuhrt.

2.7 Abgemessene Rauhigkeitswerte bei verschiedem VerschleilB

Abgemessene Rauhigkeitswerte Ra bei verschiedenem Schneide-
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Bild 2. Verlauf des SchneideverschleiBes bei v = 122,7 m/min,.
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Bild 3. Verlauf des Schneideverschleiﬂes bei v = 172,8" i
= ,8 m/min
s = 0,1 mm/U (3 Versuche) / ’

verschleiB VC bei dem Vorschub 0,1 mm/U werden fur die Schni
leil ) 5 nitt-

geschwindigkeit 172,8 m/min im Bild 6, fur 241.9 in i

Bild 7 dargestellt. > 2 n/min in

3. AUSWERTUNG DER EXPERIMENTE

Auf Grund der Standzeitwerte wurden die in Tafel
angefuhrte Formeln gewonnen. ) el 3 und 4

Bild graphische Darstellung der oben angefuhrten Formeln zeigt
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Bild 4.Verlauf des Schneide- Bild 5. Verlauf des Schneide-
verschleiBes bei verschleiBes bei
v = 241,9 m/min, v = 172,8 m/min,
s = 0,1 mm/U (4 Versu- s = 0,2 mm/U (2 Versu-
che) : che)

Tafel i. Standzeitwerte T fur verschiedene VerschleiBwerte VC
bei dem Vorschub 0,1 mm/U

Schnittge- Standzeit T (min) fur den VerschleiB

Versuch [schwindig- vC (mm)
Nr. keit |

(m/min) 0,6 1,0 1,5 2,0
1 122,17 32 73 113 139
2 172,8 11,0 17,9 24,7 28,6
3 172,8 10,4 17,4 25,0 30,4
4 172,8 11,0 22,0 34,2 39,5
5 241,9 2,1 3517 S 53 6,0
6 241,9 1,6 3,0 4,6 5,8
7 241,9 2,0 3,3 4,6 546
8 241,9 i 3,6 6,0 8,0

Tafel 2. Standzeitwerte T fur verschiedene VerschleiBwerte VC
bei dem Vorschub 0,2 mm/U

Schnittge- Standzeit T (min) fur den VerschleiB
Versuch schwindig- V€ (mm)
Nr. keit
(m/min) 0,6 1,0 1,5 ‘ 2,0
9 172,8 1,9 352 6,5 11,3
10 172.8 3.0 5,3 8,7 14,6
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Tafel 3. Abhangigkeit Schnittgeschwindigkeit v - Standzeit T
fur den Vorschub 0,1 mm/U

vC (mm) Abhangigkeit v (m/min) - T (min)
0,6 T = 2,582 . 1011 . 4,68
1,0 ' T =5,079 . 1011, 468

5 T = 7,554 . 101 | y~4»68

,0 T =9,148 . 101 . 468

Tafel 4. Abhangigkeit Schnittgeschwindigkeit v - Standzeit T
fur den Vorschub 0,2 mm/U

Ve (mm) Abhangigkeit v (m/min) - T (min)
0,6 T=7,259 . 1010 , 4,68
1,0 T=1,259 . 1o} ‘kv-a,sa
1,5 T = 2,207 . 10t , '§~4.68
2,0 T = 3,827 . 101 | 7468

4. DISKUSSION

4.1 Abhangigkeit Schnittgeschwindigkeit - Standzeit

In vorigen Jahren wurden Versuche /2/ bis zu dem Grenzver-
schleiBwert VC = 0,6 mm durchgefuhrt. Die bestehenden Versuche
sollen die Moglichkeit weiterer Ausnutzung der Wendeplatten
erproben. Neue Versuche entsprachen gut den vorigen. In den
Folmeln ist Unterschied im Exponent in Hundertstel, unterschied
in den Konstanten entspricht verschieden Harten der aufgetra-

e -

e

-
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1”0 T Bild 8. Verlauf v - T fur verschiedene VC- pajenymi
Werte beim Vorschub s = 0,1 und zprava/.
0,2 mm/U

genen Schichten.

Grenzwert VC = 2 mm wurde mit Ruck-

-sicht auf die Dicke der Wendeplatte (4,8
mm) und auf die Moglichkeit ihrer Wendunq
gewahlt. Graphische Darstellung im Bild 8
zeigt, daB beim Schruppen (Vorschub 0,2
mm/U) die Ausnutzung der Wendeplatte bls

VC = 2 mm zweckmaﬁlg ist - die Abstande

der Geraden fur verschiedenen VerschleiB
sind markant. Dagegen beim Schlichten
(Vorschub 0,1 mm/U) ist deutliche Verklei-
nerung der Abstande bei hoheren VerschleiB-
werten sichtbar. Daraus folgt, daB bei dem
VerschlieB 1,5 oder 2 mm nur kleiner Unter-
schied in den Standzeiten ist. Ursache
dieser Unterschiede liegt in verschiedenen
VerschleiBverlaufen, was Bilder 3 und 5
zeigen.

4.2 Abhangigkeit SchneideverschlieB -
Rauhigkeit

Diese Abhangigkeit zeigen Bilder 6
" 2 und 7. Beide werden fur den Vorschub 0,1
100 2y 300 400 mm/U dargestellt, weil beim Schruppen die
v femi Rauhigkeit unwichtig ist. Die Bilder zeigen,
daB am Anfang bei neuer Schneide die Rau-
higkeit sehr unterschiedlich ist. Nach dem Einlauf setzt sich
die Rauhigkeit auf cca Ra = 1 um fest. Spater hat die Rauhigkeit [
maﬂlg steigernde Tendenz. Die Steigerung ist aber nicht regel-
maBig, die Rauhigkeit schwankt nach der augenblicklichen Faorm
der abgenutzten Schneide (siehe Bild 1), aber stets wird der
Rauhigkeitswert fur Schlichten erfullt.

5 SCHLUBBEMERKUNG

An dem Lehrstuhl Werkstoff und Maschinenbautechnologie
wurden die Versuche der spanenden Bearbeitung von Aufschweifun-
gen durchgefuhrt. Es wurde Draht C-508 im Vibrationsverfahren
in der Kohlendioxyd-schutzatimosphare aufgeschweiBt. Es wurde
mit Wendeplatte aus Hartmetall Hl1 gedreht bei den Vorschuben
0,1 und 0,2 mm/U bei der Schnittiefe 0,8 mm. SchneideverschleilB
wurde bis VC = 2 mm gemessen. Es wurden Formeln fur die Abhangig-
keit Schnittgeschwindigkeit - Standzeit ermittelt fur die
VerschleiBwerte VC = 0,6; 1,0; 1,5 und 2,0 mm als Unterlage
(mit anderen Angaben) zur Bestimmung solcher Schnittgeschwin-
digkeit, bei der die Bearbeitungkosten minimal sind. Zugleich
wurde die Oberflachenrauhigkeit gemessen, die um Ra-= 1,5 um
schwankte. Nur einmal wahrend der Versuche wurde der WErt 2,5 um
uberschritten. Das erfullt Richtlinien fur Schlichten.

Schrifttum

/17 MADL, J.: Optimalizace feznych podminek v teorii obrdbéni.
Praha, CVUT 1988

/2/ JIRKA, M. aj.: Porovnéni soustruZeni ndvar ndstroji s pfi-
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VSZ 1987.
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engine will work with

PRAGUE | 15 - 18 SEPTEMBER 1992 losses of fuel. | [

. This methqd determines the optimum interval of the preven- |
tive dlagnost}c based on mutual affects of costs mentioned 1l
above and consists of three basic steps : &

1) Determination of losses arisen in consequence of bad
technical conditions of an object of diagnostic. ’
2) Determination of costs on diagnostic. i
3) Final solution of the optimum interval of diagnostic by ft
Je 23

METHOD OF DETERMINATION OF DIAGNOSTIC OPTIMUM INTERVAL the method of minimum total costs on diagnostic. i
V.JURCA 1.DETERMINATION OF E I
Agricultural University of Prague, 16521 Praha 6 |
Czechoslovakia As have been mentioned above, losses which arise in conse- |
) quence of bad technical conditions will increase with prolonga-
In the paper there is briefly described the method of tion of the diagnostic interval. This can be demonstrated in !
determination of diagnostic optimum interval. The a graph (fig.1) : |
method is based on the minimalisation of costs - cost on C,.. f(x) L 1'
diagnostic and the losses arisen in consequence of bad Ay £ iy

technical conditions of an object of diagnostic. Criterion
of determination of diagnostic optimum interval is the
minimum total unit cost on the diagnostic. This method is C,

applied to the technical diagnostic of combustion engines. : : e
regular preventive technical diagnostic; diagnostic opti- : ID ; I
mum interval; costs on diagnostic; losses of fuel r i !
A general equation for calculation of losses
At application the regular preventive technical diagnostic 1, .
there is always necessary to decide what interval of diagnostic L =~/‘ £(x)d
will be used. In the practice this problem is solved mostly * x)dx (1)
intuitionally; although necessities of machine are taken into 0
account (technical aspect), economical aspect is mostly neglec- . " ; X It
ted, so the intervgl of diagnostic gs determined without L, égzzﬁi ?ylsenf1¥ c?nseguence of increased specific ;
respecting of the actual economic situation (the price of fuel, e < ecifP fon of fuel [Kés] _ ) . 3L
oils, spare parts, new machines and so on). In this paper 1, FEE [p thEE] consumption of fuel 'before diagnostic {
a possible method of determination optimum interval of diagnos- c sgécif' \ . ) . I
tic is described which takes both mentioned aspects into 2 [p thlglconsumptlon of fuel after diagnostic l‘w
account and the kernel of solution is based on the optimalisa- I i%ierval £ di , HI‘
tion of costs connected with diagnostic. For illustration this - %) . 10 f]agn95t1° [wl ) ] it
method is applied to the technical diagnostic of combustion o gzgz;a , function = of increasing of specific i
engines. _ mption during the time of machine operation
- Because an expansion of specifi i
The length of period of a diagnostic interval is dependent between two diagnost?cs can have bgth prggrgngtzpéagndeoiez?sé l
on two main groups of costs - on costs on diagnostic and losses trends (it depends on construction of engine sorkin
arisen in consequence of bad technical conditions of an object conditions of machine, system of maintenance an% rcﬁajrs an% \9
of diagnostic. From point of view of the length of diagnostic so on), we can use for calculation linear course. So we can I
interval these two groups have contradictory affects. The more calculate losses e ‘I
often technical diagnostic will be applied (a shorter interval .
of diagnostic) the more the costs on diagnostic will increase,
but an object of diagnostic will be maintained in better tech- I, .(c, - e, ) .P_ .k
% o 3 _ 1 = P ~ |
nical conditions and so losses will decrease. The method of L, = . C /K&s/ (2) !
determination of those costs will always depend on specific ! 2 . h . 1000 L !
factors of the object of diagnostic, in the case of a combusti-
b on engine we can use following presumption: the worse technical P_ maximum power output [kV]
conditions of the engine will be, the higher specific consump- k... plant factor of engine [-]
! h™ ... sp@cific masse of fuel [g.cmm 2] i
Cf ... price of fuel per litre [Ké&s] b

\ The ipcregsing of ¢l to a value not much different from
¢2 again is influenced (except of the 1length of diagnostic
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interval) tirst of all by rveliability of engine and quality of

operational care of an engine (maintenance, operation,...). 1f
we get a constant "K' which will represent those features into
the calculation we can write
- = ¥ 5 3
< }\.ID+L: (3)
K ... constant which represent operational reliability and

quality ot operational care of engine
And afrer a substitution into e¢quation (2) :

1.5 K 5P ok
L, = = > . 16 /Kes/ (+4)
2 . h . 1000

For calculation of unit losses of fuel we can write an
equalirty
I . K .P_ .k

u, = 2 =", @, /Kes . ow M/ (5)

2 . h . 1000

2 T N DIA TIC

Into costs on diagnostic there is necessary to include all
items of costs which are connected with diagnostic of engines.
They can consist of those items

- costs on diagnostical equipment

- labour costs

- indirect costs

- costs on idle time of machines

If we label this costs C_ . we can calculate unit costs on
diagnostic

- e g
u, = . /Kes.w™ 1t/ (6)
D

Number of items of costs C_ always depend -on a considered
system of diagnostic and so it is always necessary consider
which items of costs will be involved into total sum of costs.

3. DETERMINATION OF OPTIMUM DIAGNOSTIC INTERVAL

The principle of establishing of optimum diagnostic inter-
val can be described with the help of the following equation
/Kés.w 1t/ (7)

u = u. # u, -==> min

u ... total unit costs [Kés.w™ ']

The principle is in finding minimum of summary function
'u':. it means in finding such a diagnostic interval in which
there is minimum sum of total unit costs.

Graphical image (fig.2)
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(Kes.w™)

Up

Dopt —_— ID [w™

Fig.2: Determination of diagnostic optimum interval

This method of determination of optimum diagnostic
interval can't be used in general - for instance for machines
or parts of machines which could considerably endanger safety
of operation. But justification of economical view can be shown
in following example

If price of fuel increases for instance two times and
other prices are still the same, the losses of fuel which arise
in consequence of bad technical conditions of engine will be of
higher importance. Then it will be advisable to get short the
diagnostic interval to such extend, so that increased costs on
diagnostic were covered by decreasing of losses of fuel, which

2

means determination of new minimum of total cost ’u

u

[Kes.w™d t Cred

Us (new)
U (old)

U, ¢ (old)
P Lf

Up

I
(new) (old)

I

M= ID Cw™]

Dopt  ~ Dopt

Fig.3: Determination of the new diagnostic optimum interval
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TRENDS IN AGRICULTURAL ENGINEERING i For instaunce the bad sebting of the start of injection
) Lo far advancedd or retarded for 3 degrees causes about 5%
PRAGU]_': 15- 18 SEPTEMBER 1992 increase of specific fuel consumption. For users this situation
is nol. remarkahble, it doesn’t cause any engine’s  harm and it

doesn’-L force user Lo fix it.

P (kW]
) _ M [(Nm]
B.KADLECEK - J.SVOUBODA - L.PEJSA m [gkWhH']

DIAGNOSTIC OF ECONOMY USTNG DlFISP.]l.. ENGINES.

‘Agricnltural University of Prague, 165 21 Prague 6,Czechoslaovakia

Foonony of diesel engine's  usage is immaediately connected

.with its technical state . The complex indicator of
Lechnical state is specific fuel consumpt.ion. it can he
measnced  wibthont dismani.ling. It is raleulated (rom own
moment. of inert.ia (known? and from enaging’s angnlar speed

anrl fuel consumption (TI_IE!HSHFF.Z'] aduring  arcelerallicon) .
Compul.er is able Lo calculate btorqgue, pover amnld specific
fuel consunpbion in Lhe vhole range oi measured angolar
speed . )

Fey words: specific  fuel consumplion, Lot gque, pouer, speesd
torqgque and specific fuel consumpt.ion curve

n [miri']

Fig.1 The inf lucnce of Lhe start of injection (Loo retarded)

There is more than 500.000 djesel engines with foel
consumption Ltwo millions Lons per yoar in UCzechnslovakia nowv.
The mnost  of them  works unefficiently  compaced with worid
standard.. Tt is  cagsed aosilly by age of the engines. The best

wvorld prodacers of dresel cngines piovides engiges  wibth

spreeific fuel consunption  ahout 200 fuel per 1 P (kW]
kilovatl-homnm useful work.  The new  Hzecheo sak endines have M [Nm]
:<;.|nr-1:if P r..u,! n'nn.';urrl[r!.inn in l.hf.- zr';ml'gre f 220 Lo '/.-'l(})ft/kw'll.r: 7 [g.kWh"’]
The technicai comlibion of egines increases consanpiaion. The

measuring in civii and  agricullove industry shows Lhol. average
speqcif i fnel consamplion of larries is 2260 g/kvhe aca bractoies
is 280 gy/kvulir. Econemio Aree consoderaote and Laey are ab
Jerast, 300 000 tons pes o year. it has Vhe negatlive consequepees
in ecology, becanss: Hurniiwy one piteny af i) wis abonl ben
ciher merbars of Lhe: air and piaduces harmful vaste praodoct. 16
is difficalt. Lo reach Lhe  specific fael consunpb.ion  wvhich is
given by endgine producer. It t he: increasing is caused by
gradnally, comurmly arowing  defeoect, it can be  removed by
periodical  cusinblenance  depending . on Lhe length of engine’ s
usage . N Lot aof defocls are irvvegular. They  of Lep don’ o cause
any  noje Sorions  problems  excopt, increasing  specific fuel
consumphion.

, . : n [mir'] ]

Fig 20 The iof luence ot Lhe start. of injectbion (too allvallr:lifui)
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If the for cylinder engine has one cylinder with bad
fuel injectorCinjector sticking or defective), which loses of
50% delivered fuel, it causes increase of specific fuel
consumpt.ion  the whole engine for 20%. Another bad result in
this case is Jdilution of lubricated o0il, which increases
detrition of bearings.

P (kW]
M (Nm]
m [g.kwWhH"]

n [(mir*)

Fia.3 The influence of the fuel inijector (bad spraying)

P licw]
M [Nm]
m [gkWhH]

n [mirf?]

Fig.4 The influence of the luoss of compression
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i

The  poor engine compression (defektive engine valves,
excessive pistons  clearance), incorrect. control engine’'s
vorking temperature, incorrect. setting injection pump’s delivery
characteristic change (il. can be caused by its detrition), the
unvilling course of fuel injection (it can be caused by wrong
injection pump’ s valve function), vrong fuel delivery
correctors, leaks in fuel system,water in fuel,air lock in fuel
sysbtem,choked fillLenr on supply lines,faulty fuel supply
pump,ihihuLinn pump trouble (sticking delivery valve ar
incorrect. tappet. adjustmenl.) ,controls regulating fuel supply of
injection pump onl. of adjnstment., increased resistance in inlet
or exhausl conduil. e.t..¢. every time leads to the increasing of
specific fuel consumplion.

P (kW]
M (Nm)]
m ﬂzkh”f?

n [(miri')

Fig.n The influence of Lhe air cleaner (choked)

Generally we  can say, thal. almost. every engine’s failure
(oexeept. detrition of crank-shaft’s bearing) is ‘tightly
connecled wilth increasing of specific fuel consumpl.ion. [n time
deteclion of increasing specific fuel consumpt.ion helps in many
cases Lo discover Lhe {irst stadium of mechanical failure.

The  height. of specific fuel consumption is important
diagnostical signal which should be measured precisely, easily
and relatively frequently, f{or instance during every change of
mot.or  oil. It prevents laoses  caused by increased fuel
consumplion and it reduces danger of occurrence mechanical
failnres.

Feconomy  of operrat.ion rman be expressed hy specific fuel
consumpt.ion. This oomplex  signal indirates the whole motor
technical stadium. The specific fuel consumption is measured by
using either olassical engine breaks or acceleration methods.
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At present the mnmodern acceleration wmethods of measuring the

pover  and specific fuel consumption have almost the same
precision - as classical ones, but they are cheaper, more
flexible and the measuring is quicker (it is not necessary
motor dismantling).

Buthors have developed and nowv test practice measuring
equipment based on personal computer. It controls and evaluates
signals from the cycle and fuel sensors.

During the measuring using a acceleration method engine
is loaded by own moment . of inertia and own passive resistance.
During speed up the motor’'s angular speed. acceleration and
fuel consumption are measured. We are able (using known moment
of imnertia) to calculate torque, pover and specific fuel
consumption in the wvhole range of measured angular speed.

Nowv this measuring equipment is tested 1in the frame of
diagnostical method. The measuring methodology is designed in
order to correct or eliminate random defects. It leads to
precision + - 1 ¥ of pover, + - 1.5 ¥ absolute fuel consumption
and + - 2 ¥ specific fuel consumption. The precision can be
increased if the measuring is repeated. It doesn’'t
significantly extend measuring time, because the measuring
itself last less than a minute.

The shortness of measuring is significant especially
during testing efficiency of done repair. In many cases it
helps to achieve the better engine’'s parameters than if we use
detail diagnostic methods. The proper evaluating of obtained
data and comparing wvith the standard can help us not only to
find parameters of the measured motor. In many times we are
able to find the defect. For this purpose we are developing an
expert system, which will provide the best way of diagnostic
and repair method. .
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"AUTOMATIZATION OF TECHENCLOGICAL PROCESSES
IN CATTLE-FARMING

V.KALICH. - V.,KONDRATETS. - G.,NOSOV.

Institute of Agricultural Mechanical Engineering
Kirovograd, Ukraine, 316050

~We have designed an apparatus for controlling and re-
cording the parameters of cow milking, an automatic milking
machine operation mode control system that changes the pul-
sation frequency and the milking machine time period re-
lation-ship with respect to an animal milk-yield intensity,
an arrangement that enables measuring temperature of milk
taken out from each udder lobe and average temperature of

mi}k, an automatic weighting-machine for determine the
weight of animals.

control; record; a milk intensity sensor; electromagnetic
pulser; an animal milk-yield intensity curve.

Effectiveness of dairy cattle production nowdays is de-
creasing due to inefficiency of milking facilities and big
labour expenditure for producing and processing milk. One of
the ways of enabling to raise effectiveness of cattle pro=
duction is automatization of technological pr%qesses of
keeping and producing milk, S

Zootechnic and selecting work is carried out with con-
sideration of individual properties of cows manifestating
themselves under machine milking. At present it's rather
difficult to rate the fitness of a separate cow for machine
milking as well as the properties of existing milking faci-
lities and that one which is being designed due to absence
of certain important objectively received parameters of
milking process. Therefore we designed an apparatus for con-
trolling and recording the pirameters fo cow milking. It

N A
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contains an operator's desk with a key-board giving and
indicating the commands, a milking intensity sénsor, a sen-
sor of milking machine frequency pulsation, an electromag-
netic pulser, an information process block, a recorder and
a power unite.

The apparatus is transportable. The sensor of a milk-
yield intensity is fixed right at a machine milking opera-
tor's working place and is switched on in the break between
the milking machine and the milk pipe-line. Frequency pul-
sation sensor is arranged in the same place. Other units of
the apparatus are placéd either in a milking parlor or in
a special roome.

When using the apparatus after the milking of each ani-
mal the following information is‘being brought onto the
printer: the inventory number of the cow, the time of prepa-
ration of a cow to milking, the gap time between finishing
the preparation and fixing the milking machine, the time of
machine milking, the time of idle milking, the total milk-
yield for the 1st, the 2d and the 3d minute of milking, the
milk-yield during additional milking. An animal milk-yield
intensity curve is being registered by a recorder; the moment
of additional machine milking and moment of finishing the
milking being set either by an operator's signal or automa-
tically.

In the process of cow—milking by modern milking machi-
nes there is adiscrepansy between the ability of a milking
machine to take out milk and ability of a cow to yield milke
Milk-yield of an animal in the process of milking is chang-
ing, a milking machine operation mode being unchanged. This
brings about a milk-=yield diceliration reflex of cows and
the decrease in their productivity.

In order to rectify these drawbacks we designed an
automatic milking machine operation mode control system that
changes the pulsation frequency and the milking machine time
period relation-ship with respect to an animal milk-yield
intensity. In the end of milking after finishing the milk-
yield the milkin machine_stopé automatically. The system
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contains a milk-yield intensity sensor, an electronic
control unit and an electromagnetic pulser which is fixed
at an operator's working place.

Farm tests of the milking system showed that a milking
machine with an automatic milking control system insures
high completeness and intensity of milk-yielding and also
keeps up the growth of milk. productivity and reduces the
cases of udder lobes diseases and traumatizing.

When keeping a diary herd it's very important to
detect the cases of mastitis. We think the method of detect-
ing the cases of mastitis through difference in temperatures
of milk taken out from different udder lobes seems effici-
ente.

W We designed an arrangement that enables measuring tem-
perature of milk taken out from each udder lobe and an aver-
age temperature of milk. Five temperature sensors are inser-

- ted in the collector of a serial milking machine. They are

connected to an electronic measuring unit. The latter has
an indicator panel for indicating the milk temperature, a
switch to bring out on the panel the needed temperature. In
addition the unit has digital outlets for connecting the
printer and an analogous outlet for connecting the recorder.

To determine -the weight of animals we designed an
automatic weighting-machine. It contains a platform over
which the animals are passing, animal presence sensors, a
control and indication unit. The platform may be situated
on the technological passage-ways in the way of animal
traffic. No stops of animals is needed. The control and in-
dication which displays the individual ﬁeight of an animal,
the number of animals which are being weighted and the to-
tal weight of animals having passed over the platform. The
unit has also an outlet for information input into a com-
puter,

|
!
l
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PARAMETER OPTIMIZATION OF THE ELECTRONIC HYDRAULIC SYSTEM CONTROL
OF TRACTOR LIFTSYSTEM MECHANISM BY APPLYING THE PLANING EXPERIMENT METHOD

Karadzi¢, B., Gligorié¢, R.*

#* Branislav Karadzi¢ M.A., Dr Radojka Gligori¢, The Institute for

Agricultural Technique, Faculty of Agriculture in Novi Sad, Trg
Dositeja Obradovic¢a 8, Yugoslavia .

In the presented work, for the adopted system work, quality estimation

and defined optimization criteria, the optimization of the electron?c
hydraulic system of the automatic control of the tractor hydraulic

liftsystem, by applying the experiment planning method and by their
computer simulation, has been made. The plans for mathema%ical proc?ss
planing have been chosen from the group of plans of regression analysis,
and in this case a special type of the central composition plan of the
second order - rotatable plan.

The proposed method was applied in the development of the electronic
hydraulic system control of the tractor liftsystem "Hydronic".

Key word: hydraulic liftsystem, optimization, mathematical model,
regressional analysis, experiment planing, simulation.
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1. INTRODUCTION

As the result of authors investigation, the electronic hydraulic
system of the tractor liftsystem control "Hydronic" has been developed. The
aim of such system is to maintain the given work depth of the implement
within the 1limits of the optimal deviations. By this we achieve the
additional effects which influence to the improvement of technoeconomic
indicators of tractor performance. The stated effects are realized by the
regulation of the tractor traction force and by the position of the
implement in relation to the tractor.

Besides the system has to provide the automatic control in different
conditions and with different types of implements. In order to provide the
required work regime in all work conditions, we have foreseen the
possibility of system basic parameters adjustment.

The hypotheses placed in this investigation consists of the following:
during the development and application of the. electronic hydraulic system
of the tractor liftsystem control, it is possible, for the defined criteria
of the system quality, (dispersion minimum of the regulated value), to make
the choice of optimal values of the system adjustable parameters.

2. METHOD OF WORK

For the investigation of the flow process control of the electronic
hydraulic system, we have applied the plans for mathematical modeling from
the plan group of regression analysis. The approach to the modeling
consists of the following.

If in any investigation object set of k of independently changeable values
(xi, xa, ‘g ﬁ ) has been seen, we shall have the aim function:

m=e (X1' R xk) (1)

which comprise the technical, technological and economic effects, quality
and reliability as well as the other output values of the object (system,
process).

The values x can be changes according to the wish, within the
experimental plan X.

Besides the controlled factors, the object (systen, process) is
influenced also by the vector Z of the disturbance, and than the aim
function gets (1), i.e. its measured values Y present the random values.

On the basis of experience, of the previous investigations or
recommendations, we choose the approximate mathematical model:

n = n(xl. Xor Xy won X5 By B, By '“".{3") (2)

for which we suppose to describe in an adequate the‘ studied object
(process, system). Model (2) describes sufficiently correct the real
unknown analytical model (1).

The unknown coefficients values Bi are estimated on the basis of
experimental result, by coefficient bi contained in the regression model

A _ A .
y = y(xl, Xys Xoo oovy X b, b, b, ..., bd) (3)

By modeling the agricultural machines and their control systems,  the
models (2) and (3) are usually presented by the polonium models.
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k k 2 k
'ﬂ=B+EBx+EBx +ZBIJXli+ (4)

i=1 i=1 1<1

and A k k k
y=b,+ Y box + T b x + v buxxxj + (5)

1=1 f=d 1<1

Models (4) and (5) can have any degree, kind of equitation and degree
of complexity.

When a designed experimental plan was carried out, we approach to the
regression and dispersion model analysis.

Regressional and disperssional analysis is carried out on the model (5). In
our case, the composition rotatable plan was chosen.

2.1. Procedure of optimum determination

In this case we use the method of a classical mathematical analysis as
the analytical method of optimization.

The procedure of optimum determination consists of the following.

We observe the aim function Fe=Fe(x1, X2, ais: 5 g xk) without
limitations, which is continuous and differentiable in the field of
defining (domain of function) D. In this case the stationed points vector
is determined by equitation system:

=0, X =X_; 121, 200005 K (6)
i lo
ax‘

By solving the optimization tasks by which the mathematical model of
optimization contains the certain number of limitation equitations we use
the method of Lagrange multiplicators.

3. INVESTIGATION RESULTS

The presented method was applied in the optimization of the electronic
hydraulic control system, by the experiment simulation on the computer.

System mathematical modeling - has comprised: aggregate tractor -
plough, hydraulic cylinder controlled by proportional valves, proportional
magnet, measuring elements (for the force and position) and electronic
regulators. '

The procedure of the aggregate mathematical modeling tractor - plough
has comprised: presenting of the principal scheme of the objeét,
determining the equivalent system with reduced masses and inertia moments
which present the corresponding physical object model, the method choice
for making movement equitations and the choice of the generated
coordinates, linearization of the obtained differential equitations and
their presentation in the operation or matrix - vector form. The results of
these analysis have served for the adoption of the corresponding machine
model for tillage as the object in the automatic control system.

In the first phase the of dynamic hydraulic system analysis we start
from the linearized model, then to introduce in the model the different non
linear static characteristics
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Presenting the non linear system by non linear static- characteristic
and linear dynamic model, we suppose that the linear model is the same for
all work regimes. By the adoption of such simplification, non linear
phenomena are built in the model through the static transformations.

By the use of the given non linear model (Fig. 1.), the system was
analyzed by a direct simulation on the computer.
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The different dynamic of hydraulic cylinder by lifting and lowering of
the hydraulic liftsystem has been taken into consideration. Two dead zones
can also bee seen, different at 1lifting and lowering. In principle, the
possibility of the dead zone adjustment has been foreseen by only by
lifting (adjustment of the "system sensitivity"). Non linearity of Zone of
saturation of the regulator and cylinder movement have been taken into
considération. Force measuring elements comprise nonlinearity of hysteresis
type. In the branch of "lifting" PD was introduced. The different
influence of vertical forces by lifting and lowering the implement has been
taken into consideration also. Other elements of the regulation circuit
are linear, with transfer functions shown on the structure scheme.

By determining the values of adjustable parameters of the system, it
is necessary to chose the work quality indicators which are obtained from
the fulfillment of the technological process. It is necessary to take into
consideration that different mutually connected processes are at the same
time which determine the automatic control of system work in the whole. In
a particular case, by the optimization of the system parameters it is
necessary to take into consideration the change of the implement work
depth, sliding of the drive wheels, fuel consumption etc. Optimization
complex criteria for control systems of the hydraulic 1lift system is not
elaborated. This is why as the basic criteria of the system optimization,
which works in the conditions of random disturbances, the minimum of
dispersion of the regulated values are adopted, taking into account the
limitations on the basis of other indicators (agrotechnical, energy and
other requirements). For the force system regulation, criteria DF — min
determines the minimum of dispersion of the traction force at the
limitations which are valid for depth variability of the implement (tillage
depth variations in the field of permitted deviations).

Table 1. Optimal valued of adjustable parameters

EXPERIMENT
FACTOR I “ II
LEVEL FACTORS
k, k € k k_,v/kN|k ,V/m
T m r F P
-1.682 26.59 0.13| 0.08 26.59| 0.0064| 1.96
=1 30.00 0.20| 0.25 30.00| 0.0200| 4.00
0 35.00 0.30| 0.50 35.00| 0.0400| 7.00
+1 40.00 0.40| 0.75 40.00| 0.0600(10.00
+1.682 43.41 0.47| 0.92 43.41| 0.0736(12.04
LIMITATION OPTIMUM
0 =6 mm 33.27 (0.47 |0.91 64.27| 0.0617| 8.440
c
o, =8 mm 42.32 |0.24 |0.48 71.57| 0.0569| 6.529
c
o =10 mm 48.05 |0.16 |0.00 78.50| 0.0541| 4.435
€ s

The optimization, in this case, .consists in finding the extremely
values of y function depending on the changeable model system parameters.

r
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The experiment plan comprised the change of the following factors:
gain coefficient of the regulator (kr), force gain coefficient (kF),
position indicator gain coefficient, coefficient of "mixing" so force and
position signal (km) and dead zone opf the regul.ator (e).

The rotatable experiment plan was carried out by model simulation from
Fig. 1 on the computer.

On the basis of investigation results of the system tractor -

. implement in real exploitation conditions, the spectra density of signal

has been determined, signal of traction resistance, and then for the need
of simulation, by the programmed realized block pseudo random signal and
corresponding filter, realized signal test of the same spectra density.

On the basis of experiment results, after decoding, we obtained two
regression functions of the second order, for standard force deviations
in tractor linkages (o) and for standard deviation of the hydraulic
cylinder stroke (O'hc). F

The extreme points (optimum) are determined by the use Lagrange
undetermined multiplicator, by which the second regression equitation (shc)
is adopted as the limitation equitation. By this we have taken into
consideration the agrotechnical requirement, that by a minimum of the
regulated value - force, the change of the machine depth stays within the
limits of the permitted deviations.

The optimal parameters value, for different limitations values, are
given in Table 1.

4. CONCLUSION

On the basis of the carried rotatable plan in which the different
adjustable parameters were changed, the regression dispersion functions
have been determined, i.e. standard deviations of the tractor traction
force and cylinder rod stroke. By the adoption of optimization criteria -
minimum force dispersion, by finding the extremun of regression functions
for limitation case, of the permitted cylinder stroke, the optimal values
of the changeable factors were determined.

The presented method was applied in the development of the electronic

hydraulic system of the automatic control of the tractor liftsystem
"Hydronic".
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APPLICATION OF INFORMATION TECHNOLOGIES IN
RURAL REGION OF THE WORLD
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This paper emphasizes that it Is important both for undeveloped and middle developed coun-
tries to cover the rural regions with information and telecommunications techniques. Two-way
telematic infrastructure improves informability and communicability of human community -
increases its inventiveness and entrepreneurship. In this way, natural and human resources
are activated and part of rural population stays in village encouraged to micro industrial and
service sectors. At the same time, application of high technologies in agriculture should
progress at optimal speed. In developed countries also, telematic infrastructure in rural
reg}'ons is increasing quantitivly and qualitatively caused by new migration process city -
village.

Key words: high technologies, information technologies (IT), agriculture, information + telecom-
munication = telematic, rural telecommunications, GDP, Gnp, developed countries,integrated
services digital network (ISDN), interactive educational video and software.

1) INTRODUCTION

The developed countries base their whole macro and microeconomics policy on introduction
of high technologies (electronics, information technologies, new materials, biotechnology uncon-
ventional energy sources, energy saving etc.). They increase the work productivity, enable the
products diversification and save all resources what results in a greater competitive capability on
the market. Undeveloped and middle developed countries due to financial, staff, technological and
structural limitations will not be able to apply high technologies in industry in terciar sector, and
specially not in agriculture (1).

Some economic and social indicators clearly show the gap of underdevelopment. From Table
1.1t can be seen that 2 622 000 000 inhabitants or 50,5% of the whole population, has the
participation in agriculture in GDP with more than 30% but at the same time, the average Gnp per
capita is only US$ 330 (the low Gnp is directly reflected to the education structure - over 40% of
illiterate population, small daily quantity of calories taken through the food - under 2400 cal. Fig. 1
and 2). The situation is not much better with the second, or the third group of countries, so that it
can be concluded that a big participation in agriculture in GDP is the characteristic of poverty.

L B
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Tab. 1. Share of .agriculturc in GDP, 1489,and Gnp per capita (g) '

I
Gnp USS POPULATION cnp |
NUMBER 000 000 000 000 PER CAPITA
{SHARE OF OF COUNTRIES 1889 1884 UsSs$
AGRICULTURE o
“IN GDP, 1888 % =
30% or.more 56 870 000 2 622 50.5 330
36 - 20 % 25 436 000 543  10.5 800
l1o - 19 % 33 886 000 466 8.9 1 900
L6 - 9 17 1 186 000 a1 6.4 3590
| less than6 % ) 14 623 00Q 843 16.2 17 340
! .
| without data 15 1 496 000 391 7.5 3.820 |
I |
I \
: P
WORLD TOTAL 185 5191 100,0 “‘:"l
[ |-
N !"f‘g
il
rlg';a
Haw many are enrolled in school... How many cannoi read and write... ﬂ‘ﬁ'
Average gnp ‘ b« i
per capita 4"

<o TR - oo

- I » 4J 2330 r ] <3
KE.‘E = %L 4,160 E Cia - ) Number of countries
< 7772070007000 s

l(‘l) 7.5 5‘0 i’ ﬂ [l| 2; SIU 7IS 100

Percentage of school-age population Percentage of population age 15 or more

Fig. 1 Illiteracy rate, 1985 (8)
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Fig, 2 Daily calorie supply per capita, 1988 (8)
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Thanking to the policy of agriculture subvention, or applied high technology, the developed coun- . elp::::mmeri: ) . y= e
tries practically eliminated the import of food (so that the importance of agriculture in the total . ores ﬁﬁg;z‘{},;‘;‘iﬁ
structure is marginated and the number of employed is at the average 4-5%). The underdeveloped : . "i‘%#?m
countries with US$ 330/per capita have got a higher priority for drinking water supply, better food, 204 4 qof E ; =1
health protection, electrification, traffic facilities etc., than to introduce high technologies and, at » 5
the same time, they have the problem of the surplus of manpower from rural regions. E $ -
d . 16 © 4
When a bigger portion of the world population is going to enter into the transfer of high tech- 184 Eu g g J*L r= auphbarc
nologies? Is there any sense to talk about the application of information technologies (IT)* in rural 12 §§ §> § *
regions of the world? There is the sense to talk about the mass computer and telecommunications 0 ;; § éli " "g' y
application since these are specifically high technologies that rise the level of knowledge and direct £l % g 13’ ; a‘é
the individuals in a team work in business and inventive activity. 8 ] 4 e ’é‘ “ ,3 o
. ’ ‘7 48,3 g 5 %3 B .,
2) SOURCES OF INFORMATION AND PROCESSING OF INFORMATION' IMPORTANT FOR Y a §§ 3 ‘8 g 4 3§ & L
AGRICULTURE . & 22 2 s & 8 @ %
2 Do thy- -
Already in ancient time, there was such a quantity of knowledge about agriculture that in the e - e 1200 . dre®
4000 3000 2000 1000 o 1000 1600 2000 Year

first century, Junius Moderatus Collummella created the first agricultural encyclopedia. It consisted = g ( 1+ th(wt-k 2]

of 13 volumes and had approximately 1 million alphanumeric signs. A sudden increase of knowl-
‘edge about agriculture happened only in the XX century, so that JLZ agricultural encyclopedia in Pig. 3 Voluge of
1973, consisted of already 20 million alphanumeric signs or 160 million bites (Fig. 3). The increas- tory of =i
ing curve of the agricultural knowledge has an exponential character (shape y=1/x2 or tangens
hyperbolic) and in the last decade of the XX century /6/ its increase is specially accelerated. The
information volume connected today to agricultural problems (technical technological, genetic,
economics business, educational, ecological etc. character) surely exceeds even 10.000 Mb.

new era

ricultural inforaution through his«
Hod

J.

Humber of
The basic problem in essence is how to come to the right necessary information for the certain pRTEnctere |

problems - today this is achieved by a computer technique, by data base retrieval. The same | § é < E
importance has data (information) processing i.e. problems, which appear in each concrete real 5 5 ':’ﬁ
situation, solution. Due to the complexity of the ,living, world the necessity for information process- éE ;;’, g,’;‘
ing in agriculture gets the enormous dimensions. The example for this is the choice of the optimal 2 § *g’ §§ @
agrotechnique, assortment, fertilization etc. adequate in ideal case to each soil plot. 200 hundred 50 : w A9Ed
years ago it was enough to deal with some parameters in order to achieve the optimal yield on this L 3> §
level of knowledge. Today we meet the problem of processing about fifty variables Fig. 4 that must E 'ffg § § !
give the answer for economically acceptable - healthy bioagriculture /6/. 0 I:' . 1’§ g E :

= 3 e 2 &
3) THE DEVELOPMENT OF RURAL TELECOMMUNICATIONS 0 s § Zif " § :

g 6 -3 R g !

Radio and television are the typical representatives of one-way communication media. They &2 - iE § 3’ I

contribute to the formation of public opinion, they can give useful advises (also to farmers), but oy é’ :L‘,' i;‘f § 5 o
mostly they force people passively to slave to programmed sound and picture (satellite and cable 2 §~ 8 E}" ; A
television give only a bigger choice of programs). In rich countries, mass media are nearly perfect, wd g‘ H > = |
but in underdeveloped and developing countries, they have developed as relatively cheap, central - F 3 |

= i

|

* According to the new terminology (9), the information technology (IT) is understood as the + |
connection of a computer with fast telecommunications that transfer and process data, sound and 180p. 1840 1300 1920 1960 100: -
picture (the term telematic is similarly used - telecommunication plus informatics). In a wider sense ’ Year
IT consists of computers, process automation, robotism and metrology from one side, and the 7ig. 4 Number of it -
whole complex of communication (telecommunication) technique, i.e. connections between the had to be .5’3?5;3;3?,,’?9ZZi:fie°§£2§3”§;C;;?m;;°g; ;”lﬁgat

fanae +n o= st ankind in
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machines (apparatuses) or machines and men or between men themselves, from the other side.
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isticly organized Infrastructure by which the basic information of human communities, even In
secluded areas are covered.

A complete different situation is in two-way communication media, telephone and telegraph
being with a longer tradition, and recently data transfer gets more and more important role. Two-
way communication requires from the participant to change the passive state into active - to partic-
ipate in information exchange. Each two-way communication Is nearly always, more or less, the
learning process /7/ and being a bigger numbers of individuals involved, the level of knowledge of
such union increases, and with that, the further development possibility. The modern techniques of
two-way telecommunications are media which, if they reach each individual, give endless possibili-
ties of correspondence combinations - they create new knowledges, Initiatives and actions.

In developed countries the importance of telephone - telegraphic communications has been
noted; and after the || World War, great efforts have been made for their development. In year
1982 twenty two developed countries already had 60 telephones per 100 inhabitants (Fig. 5).
However, the main telephone and telegraphic net was realized in urban centers since the construc-
tion of telephone-telegraph network in rural regions was much more expensive and the income
from rural connections relatively small. During the past decade the pressure in the developed
countries was raised that rural telecommunications have to be constructed much quicker, since it
was proved on many samples that the public telecommunications became the basic accelerators
of rural regions development. In Italy it was estimated that, investments in rural telecommunica-
tions were the key element for the improvement of social and economic development - specially
rural and underdeveloped south of Italy. Special satellites are also used that give numerous infor-
mation from wide areas, important for agriculture and forestry. Australia and Finland connected by
telephone network each rural household and each farm. Now another problem has appeared. The
rural user is not satisfied only with the telephone service any more, he requires new kind of serv-
ices, data transfer and different sophisticated services being the most important, the ones that are
on the disposal to the subsribers of ISDN in cities. Today it is already possible to realize on one
telephone connector data transfer, teletex and videotex services. In the developed countries major-
ity of farmers dispose with local computer information system, but they make the pressure to Post
Telephone Cable Companies to enable them to get included into data transfer network, i.e. to be
able to use the centralize agricultural data base (since they dispose with ,fresh, information). It is
stated that in Canada, agricultural and forestry business competitiveness is increased, and that the
migration process city -village is in source, by which the ,business space, to rural areas is wid-
ened.

The general poverty in underdeveloped countries, is drastically manifested in telecommunica-
tions. 2,5 billion people in underdeveloped countries have got less than 1 telephone /100 inhabi-
tants (mainly in cities) and according to the existing growth factors, it is expected that by the end
of the XX ¢century it is going to be 1 telephone/inhabitant. This is 60 times less than in developed
countries. Rural areas, where lives the majority, of population, is totally not comprised by telephone
network /6/. The activation of human resources, which are nearly inexhaustible, and big agricul-
tural and forest regions, is not possible without two-way telecommunications.

The prices of modern radio, cellular, satellite and optical rural telecommunications, are falling
down on the world market (10), what enables the underdeveloped countries to make the first step
in the high technology application. This is the first process link through which the stepping out
from the poverty can be started.

As the fast construction of rural telecommunications can be expected, the equipping of indi-
vidual farmers by local information systems will be important. There are today computers equipped
with compact discs of 660 Mb capacity and interactive software. Fillips developed interactive video,
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audio, text and graphic system (CD-l) which gives the exceptional possibilities for farmers educa-
tion /3/. The Interactive audlo visual techniques and software can speed the learning process for
40% in relation to the standard techniques (under the condition that heir prices are acceptable for
wide use) /7/.
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|
‘ It is advisable to improve the process of strategic and
\ operational machinery management. One of the most important
\ vays is the utilization of computers (Computer Aided Hachinery
Management) .
1 ' The above-mentioned claim is supported by two facts:

1. in the near future there will be an increase in the
supply of farm machines on the market:

2. there will be an effort to reduce the number of managers
and skilled workers in the diminished and transformed
enterprises, which are out to keep with the first-rate
strategic management of technical development (strategic
machinery management) .

All these facts and new tendencies have been leading our
research team to the development of a program system for
computer aided machinery management. Under the computer aided

in th machinery management we consider: selection, financial and
New farming systems in Czechoslovakia evoke changes in e | performance appraisals (cost, profit etc.), purchase, selling

management of agricultural enterprises and understandably ‘ and wrecking of machinery and on-farm machine- index-keeping.
in the utilization of machinery. . It is advisable to

improve the process of strategic and operational machinery
management. One of the most important ways is  the 2. STRUCTURE OF THE PROGRAM SYSTEM
utilization of computers (Computer Aided Hachinery
Management) . The target version of the program system will

:PROGRAH SYSTEM FOR COMPUTER AIDED MACHINERY MAMAGEMENT
M. KAVKA - L. HYNEK - J. HALEK

University of Agriculture Prague, Faculty of Mechanization

- iy
The program system for computer aided machinery management

be composed of the following modules: must make possible:
i Catalogue of farm machines and prescriptive : a) permanent survey on available farm machines and their
coefficients. ’ technical, operational and economic data:;
On-farm machine-index-keeping system. & b) on-farm machine-index-keeping and evaluation of operation

3d- Technical-economic consideration of farm machinery. of
4. Calculation of need and structure of onfarm nachlpery.
5. Strategy of purchase second hand buying and wrecking

these machines (actual costs, incomes, pProfits,
prerformances, order keeping and executing) in conjunction
with the activity of tenders:

of machinery. B ¢) carrying out of the technical-economic consideration and
Considering the progress which has taken place the module . freneval of £avm machinery.

1 and 4 are made out: the program module 2 and ? have been ) Formulated requirements would be ensured by the program
completed; the program module S5 is near completion. system, whose architecture is presented in the fig. 1.

1. INTRODUCTION

€

Nev farming systems in Czechoslovakia evoke changes in the - ;
management of agricultural enterprises and understandably in ﬁ:zal: ;nﬂgcg;‘?lxchl' ?ﬂ;{mgnchmeﬂndex—
the utilization of machinery. The most important changes are coefncunts R —
those connected with proprietary relationships. ) 1 ¥ input, clean, view, ¢ R ::gﬁgg:gg gf data 2

It can be expected that two kinds of businessmen will edit operation of on-farse
result from the new conditions: * :2&512:‘ ?lgtgalt:to * mm' and execu-

- businessmen vho work with farm machines: r modules ting n? orders | .
- farmers. T

Each kind of businessman has, in a certain measure, T |
a different view of machinery utilization which comes from how .
they see profitability. A common feature for both businessmen 3 4 . i 5_
is an effort to increase profit by all possible means. As :

a matter of general principle there will be three main
questions: Technical- Calculation of Strategy of
1. reducing costs (of farm machinery): -econonic need and K:n rchase, second
2. intensifying production vwhile respecting environmental gg“?;g:“t"m ngc:ﬁi::w 1 mg ll;::zmy and
requirements and market demand:; wachines )
3. improving motivation of workers.

Fig. 1 Programe Syste for Computer Aided Machinery Management
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Essentially there is a set of program modules in fig. 1.
All modules are connected with each other by means of a data
base, whose nucleus has been created on the basis of the
catalogue of farm machines, prescriptive coefficients, and the
on-farm machine-index-keeping system.

The target version of the program system will be composed

of the following modules:

Catalogue of farm machines and prescriptive coefficients.
On-farm machine-index-keeping system.

Technical -economic consideration of farm machinery.
Calculation of need and structure of onfarm machinery.
Strategy of purchase, second hand buying and wrecking of
machinery.

L SUE e

3. DESCRIPTION OF THE PROGRAM MODULES

3.1. Catalogue of farm machines and prescriptive coefficients

The catalogue of farm machines and prescriptive
coefficients is based on a set of data files which are served
ihrouqh a control program system.

The contents of the catalogue correspond to the data of

knowvn catalogues transformed into computer form. Besides
technical, operational and economic data there is recorded more
specific data about each machine (e.g. operational

experiences). This system also enables entering the data base
of the catalogue of the Research Institute of Agricultural
Machinery in Prague for the use of designers.

The catalogue of prescriptive coefficients contains data
connected with plants, machinery costing, and work operations.
There is a set of about 80 principal work operations (including
available user access), which are carried out in agriculture
(especially in plant production). The structure of data is
created for using as an input into the module for
technical -economic consideration.

Possibilities of the control program system cover:

input, clear and full editing of data in data base:
viewing of catalogue;

connecting of data files, reindexing and checking of key
duplicity: .

export of data into other program modules:
outputs of data:;
transfer of data into and from ASCII files.

oS Wh=

3.2. On-farm machine-index-keeping

Essentially the on-farma machine- index-keeping system
enables filing necessary data on a farm machine (separately on
mobile energetic machines and on other machines). The structure
of data is designed in part to the needs of creating a strategy
of purchase, second hand buying and wrecking of machinery. This
data includes: Prices, replacement dates, strategy of
depreciation, interest on investment, annual fixed taxes,
insﬁrange, storage; and prescriptive coefficients for appraisal
of variable costs: fuel, lubrication, maintenance, repair: and

- for the deciding the value of a machine. Also, the evaluation

of operation of these machines in relation to the activity of
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tenders is included in the system of keeping and executing
orders.

For the time being the system of evaluation of operation
of machines and of the activity of tenders was created and
realized for needs of a partial economic hire of machines on
the basis of completing funds-flow (costs, income, profits).

The system for keeping and executing of orders will enable
a computer aided keeping of orders and balancing between the
demand and the supply of work operations. We suppose creating
a heuristic model, wvhich will assist the manager in the
executing of orders.

3.3. Technical-economic consideration of farm machinery

The module for carrying out the technical-economic
consideration is based on selection of agricultural machinery.
This one is determined by technical factors such as field
performance, environmental factors such as timeliness and
economic factors such as profitability. That's why the module
enables:

- comparison of machines, machine-lines (technologies) and
machinery services;

- calculation (appraisal) of technical, environmental and
economic data on machines.
Under the comparison of machines, machine-lines and

machinery services we consider a multi-criterial comparison of':

- two or more machines or tractor-machine systeas:

- two or more machine-lines (technologies ensured by them).
Instead of this an equivalent machinery service can be taken
into consideration (work or leasing).

Used criteria are:

- total costs:

- investment costs:;

- need of human labour:

- two subjective criteria (e.g. technical, aesthetical).

One can compare all variants using the multi-criterial
method PATTERN.
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