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ON THE POSSIBILITIES OF UTILIZING THE RESULTS
OF INVESTIGATIONS OF THE GRAIN-TO-EAR BINDING FORCE
AT THE OPTIMIZATION OF THE REGULATION PARAMETERS
OF HARVESTING-THRESHING MACHINES

Zbigniew Slipek, Janusz Kolowca

INTRODUCTION AND THE PURPOSE OF THE WORK

Investigations of the grain-to-ear binding force are carried out, among
others, with the thought of utilizing the results for the determination of
the usability of varieties for mechanized harvesting. Interpretation of the
results of these investigations is often based on a priori and at the same
time rather obvious assumption that grains held in the ear the weakest
can fall out at the action of the rake or the cutting system, while in the
case of a strong grain-to-ear bond the used parameters of the threshing
system are often not enough to extract grain from ‘the ear [2, 3, 7, 8, 9,
10]. Obviously this assumption is based on the exireme values of distribu-
tion. Because, however, of the relatively high variability of the binding
force it is possible to suppose that the effect of grain extraction during
harvesting can also be influenced by the average values from the varia-
bility range determined for a given variety. This would be, of course,
connected with the necessity of an exact determination of the distribution
of the binding force, which was already mentioned in paper [6] analyzing
the theoretical possibilities of unthreshed grain and grain damage occu-
rence in the threshing system for the distributions of the binding force
and grain resistance, differing as to assymetry and excess.

The above reasons influenced the carrying out of investigations, the
purpose of which was an attempt at determining whether the increase
rate of grain losses at a change of regulation parameters of the rake and
the threshing drum is in any relation to the character of the binding

force distribution.
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METHODOLOGY AND CONDITIONS OF INVESTIGATIONS

The investigations were carried out in 1974 in the harvesting period
of two wheat varieties

— Kaukaz — winter wheat,

— Carola — spring wheat,
cultivated in the Regional Experimental Station in Mydlniki.

For these varieties parallel measurements of the binding force and
of the grain losses caused by fall-out and leaving unthreshed grains at
harvesting with the ,,Bizon-Super” combined harvester were carried out.

For the determination of the grain-to-ear binding forces a centrifugal
method was applied [4]. The application of this method, ensuring the
rapid carrying out of measurements on a large population of ears, was
justified by the purpose of the investigations. Thus the sample for the
determination of the distributions of the binding force was 100 ears for
each variety, which, in the opinion of the literature of the subject,
constitutes a representative sample [7]. The distributions of the binding
forces were approximated with Weibull’s distribution, and for the estima-
tion of the distribution parameters the graphic method was applied [3].

For the determination of fall-out and unthreshed grain leaving the
generally used methods for investigations of combined harvesters and
threshing machines were applied [1, 11]. Fall-out of grain was determined
at the following angular velocities of the rake: 1.57, 2.09, 2.62, 3.14

Table 1

Properties of the harvested wheat varieties

Variety
Properties
Kaukaz Carola
Grain moisture (%
(mean value from 5 measurements) 18.0 19.6
Straw moisture (%) ‘
(mean value from 5 m:asurements) 16.9 - 18.1
Crop yield (q/ha)
(mean value from 5 measurements) 25.4 22.4
Relation of grain weight to straw weight
- (mean value from 5 measurements) 1:1.61 1:1.72
Mean length of stalks (m)
(mean value from 30 measurements) 1.02 1.34
Mean length of ears (m)
(mean value from 30 measurements) 0.092 0.087
Weed content (%) \
(mean value from 5 measurements) 2.0 0.9

Lodging of plants standing  standing
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rad/sec, the extreme values of which comprized the regulation range
constructionally determinaed for this combined harvester.

Measurements of the unthreshed grain leaving were carried out at
the following angular velocities of the threshing drum: 73.3, 83.7, 94.2,
104.7 rad/sec, and the highest value w corresponded to the upper limit
of regulation of angular velocity of the threshing drum constructionally
determined. The size of the working slot between the drum and the
concave was set so as to obtain the lowest possible quantity of unthreshed
grain in the Kaukaz variety (for which the expected volue was higher
than for the Carola variety) at the threshing drum value o = 104.7
rad/sec.

During the investigations the following parameters were recorded:

1) properties of the harvested varieties of wheat (Table 1),

2) atmospherical conditions (Table 2),

3) working parameters of the rake and the threshing system (Table 3)

Table 2

Atmospherical conditions during investigations

Conditi Variety

itions
ondition Kaukaz Carola
Relative air moisture (% 1—117 80—83
Temperature (°K) 257.7—256.9 252.8—250.6
Cloudiness little little

Table 3

Technological working conditions of the rake and threshing system
at the harvesting of the investigated varieties

Moving speed of the harvester m/sec 0.49—0.65

Angular velocity of the rake rad/sec 1.57—3.14 graded at every
0.52 rad/sec

Position of the rake — fronting-maximum to the front,

before the cutting system, height-
-so that the boards hit ears

Position of the fingers of the rake —_ vertical
Angular velocity of the threshing
drum rad/sec 73.3—104.7 graded at every

10.48 rad/sec
Size of the working slot between '
the drum and the ccncave mm 16/3 (inlet/outlet)

Feeding of the threshing system

with cereal mass kg/sec 1.0—1.52




94 Z. SLIPEK, J. KOLOWCA

RESULTS OF THE INVESTIGATIONS

Distributions of the grain-to-ear binding force in the investigated
varieties were not statistically the same (this was established by verifying
the agreement of the distributions with the 1 test of Smirnov-Kolmogrov
at the significance level a« = 0.05). Parameter values of the Weibull’'s
distribution for the obtained distributions of the binding forces are
presented in Table 4. The values of these parameters indicate that for
the Kaukaz variety the distribution curve was lower and comprised
a wider variability area than the Carola variety.

Table 4
Values of the Weibull’s distribution parameters
for the obtained distributions of the binding

forces
Variety
Parameters
B Kaukaz Carola
Position parameter — x, (N) 0.2 0.15
Shape parameter 1.6 2.0
Scale parameter . 3.32 8.17

Thus, according to the posed hypothesis, if there is a relationship
between the character of the distribution of the binding force and the
effect of grain extraction at different regulation parameters of the rake
and the threshing drum then for the Carola variety an increase of the
action intensity of the rake should cause a faster increase of losses
through fall-out. In turn a decrease of the angular velocity of the
threshing drum (at the remaining working parameters of the threshing
system unchanged) should cause a slower increase of unthreshed grain
in the Kaukaz variety. -

Table 5

Grain fall-out in relation to the kinetic coefficient of
combined harvester

Variety
Carola Kaukaz
Grain fall-out (% Grain fall-out (%
(mean values from (mean values from
" 9 measurements) 9 measurements)
1.14 0.17 1.26 0.05
1.67 1.31 2.16 0:47
2.31 1.48 2.49 1.00

2.98 3.30 3.35 : 2.13
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Table 6

Unthreshed grain in relation to the angular
velocity of the threshing drum of combined

harvester
Variety
Carola Kaukaz .
rad/sec
unthreshed grain mean values from 3
% measurements
73.3 4.37 3.36
83.7 -~ 1.37 1.80
94.2 0.28 0.83
104.7 —_ 0.04

It is possible to interpret in a similar way the obtained results of
investigations of grain losses at the harvesting of these varieties. The
volume of the losses is presented in Tables 5 and 6 — in the function-
of the kinetic coefficient of the rake and the angular velocity of the
threshing drum respectively. It should then be stated that the investiga-
tions have confirmed the assumptions presented in paper [6] and thus
make it possible to draw conclusions as to estimated grain losses (so far
not yet in numbers) and about possibilities of diminishing them through
appropriate regulations of the mentioned working elements of combined

harvester.

CONCLUSION

The above presented results confirmed the assumed hypothesis, the
authors however realize that the presented results of investigations of
this type do not solve fully the problem of relating the laboratory results
with harvesting technology. It will be necessary to state at what smallest
differentiation of the distributions of the binding forces there occur
significant differences in the volume of losses caused by fall-out and
leaving unthreshed grains. This could have a vast significance in the
working out of “scientific” principles of proper regulation of the particular
working systems of harvesting machines.
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Z. Slipek, J. Kolowca
O MOZLIWCSCI WYKORZYSTANIA WYNIKOW BADAN SILY WIAZACEJ
ZIARNO W KLEOSIE DLA POTRZEB ZBIORU MECHANICZNEGO

Streszczenie

Przeprowadzono pomiary strat ziarna powodowanych przez osypywanie i nie-
domtlot dla dwoch odmian pszenicy réznigcych sie rozkladem sily wigzgcej. Sile
wigzacg ziarno w klosie wyznaczono metodg wiréwkows.

Porownanie wynikéw badan laboratoryjnych (sily wigzgcej) i polowych (osy-
pywanie, niedomlot) wykazalo, ze tempo przyrostu strat ziarna przy réznych war-
toSciach wskaznika kinematycznego nagarniacza, jak roéwniez predkos$ci kgtowej
bebna miécgcego nie bylo jednakowe u badanych odmian.

Tak wiec metoda wir6wkowa badania sily wigzgcej ziarno w klosie moze zna- '
lez¢ zastosowanie przy optymalizacji parametréw regulacyjnych niektérych zespo-
16w roboczych maszyn zniwnych lub optymalizacji technologii zbioru zb6z.

3. Cvaunex, 1. Koaésua

O BO3MOZKHOCTU MUCIIOJB30BAHUS PE3VYJBTATOB MCCIEIOBAHUI
CUJIBI CBA3BIBAIOIIEN 3EPHO B KOJIOCE JAJII IIOTPEBHOCTEM
MEXAHUYECKOW YBOPKU

Pe3wwMme

IIpoBeny WU3MepeHMs IIOTePh 3€PHA, BbI3BAHHBLIX OCHIIAMMEM M HEZOMOJOTOM,
IJIS ‘ABYX COPTOB INIUEHMIBI, OTIMYANIIMXCA APYr OT APyra pacnpeneeHMeM CUIIBI
cBA3bIBaHMA. CUy CBA3BIBAHUA 3€pHA B KOJIOCE ONpEeneasay LeHTpudyralbHbIM
METOAOM.
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CpaBHeHMe pe3yJbTaToB J1abOPaTOPHBIX MCCHAENOBAHMIL (CMJa CBA3BLIBAHMA) M IIO-
JNeBbIX (OChbIlIaHME, HEAOMOJIOT) IIOKAa3ajo, YTO TEMII IPMPOCTa IToTePbh 3epHa IIpHu
Pa3IMYHbIX 3HAYEHMAX KMHEMaTHMYECKOI'o II0Ka3aTesJasa MOTOBMJIA, KAaK M YIJIOBOJ CKO-
POCTM MOJOTMIbHOro 6apabaHa, He ObII OAMHAKOB y MCCJIERYEMbIX COPTOB.

TakyuMm o6pa3oM LEeHTPM@YTAJIbHbIA METOJ MCCIENOBAHMA CUJILI CBA3bIBAHUA 3€p-
Ha B KOJIOCe MOXKEeT Halm IIPUMMEHEHMe IIPpY ONTMMAaJM3alyy PeryJuMpoBOYHLIX I1a-
paMeTpoB HEKOTOPBIX paboumx OpraHoB yOOPOYHBIX MAalUMH MM OPY OIITMMAaJIn3aLn
TEeXHOJIOTMM YOOPKM 3epPHOBBIX.
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